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Os fibroblastos associados ao carcinoma (do inglês CAF - carcinoma-
associated fibroblasts) demonstram um papel importante na tumorigênese do 
carcinoma espinocelular (CEC) oral, o tumor mais comum da cavidade oral. Estudos 
prévios demonstraram que moléculas secretadas por CAFs promovem proliferação e 
invasão das células do CEC oral, induzindo um fenótipo mais agressivo. O presente 
estudo comparou o secretoma de CAFs e de fibroblastos orais normais por meio de 
proteômica baseada em espectrometria de massas e análise de redes biológicas. A 
comparação dos secretomas revelou que proteínas superexpressas por CAFs estão 
envolvidas na organização e remodelação da matriz extracelular e no metabolismo 
do colágeno. Dentre as proteínas mais expressas estão FNDC1 (fibronectin type III 
domain containing 1), SERPINE1 (serpin peptidase inhibitor, clade E, member 1) e 
STC2 (stanniocalcin 2), as quais tiveram suas expressões elevadas validadas por 
PCR quantitativo e ELISA em um grupo independente de linhagens celulares de 
CAFs. A transdiferenciação de fibroblastos orais normais em CAFs induzida por 
TGF-β1 foi acompanhada por um significante aumento na expressão de FNDC1, 
SERPINE1 e STC2, confirmando a presença destas proteínas no secretoma dos 
CAFs. Colágeno tipo I, o principal componente do tecido conjuntivo, também foi 
associado com vários processos biológicos superexpressos em CAFs. A análise 
imuno-histoquímica de PINP, o pró-peptídeo N-terminal do colágeno tipo I, revelou 
que a expressão de PINP é significantemente correlacionada com a presença de 
CAFs no fronte tumoral e com uma taxa de sobrevida significantemente menor em 
pacientes com CEC oral. A presença de CAFs no estroma tumoral também foi um 
fator prognóstico independente para a sobrevida livre de doença para os pacientes 
com CEC oral. Este estudo demonstra o valor do secretoma de CAFs para o 
microambiente de CECs orais e identifica novos potenciais alvos terapêuticos como 
FNDC1, SERPINE1 e STC2. Em adição, os resultados revelam que a expressão de 
colágeno tipo I por CAFs, representada pelos níveis de PINP, pode ser um marcador 
prognóstico para o CEC oral. 
Palavras-chave: fibroblastos associados ao carcinoma, secretoma, matriz 




An important role in the tumorigenesis of oral squamous cell carcinoma 
(OSCC), the most common tumor of the oral cavity, is actually attributed to cancer-
associated fibroblasts (CAF). Previous studies demonstrated that CAF-secreted 
molecules promote proliferation and invasion of OSCC cells, inducing a more 
aggressive phenotype. In this study, we searched for differences in the secretome of 
CAFs and normal oral fibroblasts (NOF) using mass spectrometry-based proteomics 
and biological network analysis. Comparison of the secretome profiles revealed up-
regulated proteins involved mainly in extracellular matrix organization and 
disassembly and collagen metabolism. Among the up-regulated proteins were 
fibronectin type III domain containing 1 (FNDC1), serpin peptidase inhibitor type 1 
(SERPINE1) and stanniocalcin 2 (STC2), which had their up-regulated expressions 
validated by quantitative PCR and ELISA in an independent set of CAF cell lines. 
TGF-β1-mediating NOFs transition into CAFs was accompanied by significant up-
regulation of FNDC1, SERPINE1 and STC2, confirming the participation of those 
proteins in the CAF-derived secretome. Type I collagen, the main constituent of the 
connective tissue, was also associated with several up-regulated biological 
processes. The immunoexpression of PINP, the type I collagen N-terminal 
propeptide, was significantly correlated in vivo with CAFs in the tumor front, and was 
associated with significantly shortened survival of OSCC patients. Presence of CAFs 
in the tumor stroma was also an independent prognostic factor for OSCC disease-
free survival. These results demonstrate the value of secretome profiling to evaluate 
the role of CAFs in the tumor microenvironment and identify potential novel 
therapeutic targets such as FNDC1, SERPINE1 and STC2. Furthermore, type I 
collagen expression by CAFs, represented by PINP levels, may be a prognostic 
marker of OSCC outcome. 
Key words: cancer-associated fibroblasts, secretome, extracellular matrix, type I 
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Dentre os tumores malignos da cavidade oral, o carcinoma espinocelular 
(CEC), também conhecido como carcinoma de células escamosas ou carcinoma 
epidermóide, é o mais frequente, representando mais de 90% de todas as 
neoplasias malignas que acometem este sítio e cerca de 4% das neoplasias 
malignas em todo o mundo (Marsh et al., 2011). A Organização Mundial de Saúde 
(OMS) calculou aproximadamente 685,000 novos casos de câncer de cabeça e 
pescoço para o ano de 2012, sendo a cavidade oral o local mais frequente com 
300.000 casos e 145.000 mortes (Ferlay et al., 2015).No Brasil, a estimativa de 
novos casos em 2016 é de 15.490, sendo 11.140 homens e 4.350 mulheres  e o 
número de mortes no ano de 2013 foi 5.401, sendo 4.223 homens e 1.178 mulheres 
(INCA, 2015). 
Os principais fatores de risco para o CEC oral são o fumo e o consumo de 
bebidas alcoólicas e o sinergismo desses dois fatores. Infecção pelo vírus do 
papiloma humano (HPV) de alto risco surgiu como um fator de risco importante para 
o CEC de orofaringe (Marur et al., 2010). O CEC oral tem predileção por homens 
após a quinta década de vida e com história de uso prolongado de tabaco e 
consumo de bebidas alcoólicas, porém, um aumento da incidência de CEC oral em 
pacientes jovens tem sido observado em estudos recentes (Soudry et al., 2010; 
Falaki et al., 2011). Esta mudança no perfil epidemiológico dos CEC orais pode ser 
um indicativo de possíveis novos fatores de risco, tais como predisposição ou 
instabilidade genética (Westra, 2009; Santos-Silva et al., 2011). 
O CEC oral origina-se dos queratinócitos que revestem a cavidade oral e, 
como os outros cânceres, é causado por mutações e alterações no perfil epigenético 
do DNA induzidas pela exposição a diferentes agentes mutagênicos (químicos, 
físicos ou microrganismos). As mudanças que ocorrem no DNA podem transformar 
um queratinócito normal em um queratinócito pré-maligno ou potencialmente 
maligno, que tem a proliferação menos controlada que o normal. Essas células 
tornam-se autônomas e o câncer resulta na invasão dessas células pela membrana 
basal, e em estágios mais avançados para linfonodos, ossos, cérebro, fígado e 
outros órgãos (Bagan e Scully, 2009). De modo simplificado, o mecanismo genético 
do câncer é a superexpressão de oncogenes e o silenciamento dos genes 





Apesar dos avanços nas pesquisas e opções de tratamento, 
principalmente na investigação de novas drogas quimioterápicas, o prognóstico dos 
pacientes com CEC oral se manteve praticamente inalterado nas últimas décadas, 
permanecendo entre 50 e 60% para um período de 5 anos (Bagan e Scully, 2009; 
Jerjes et al., 2010; Sklenicka et al., 2010). Este baixo índice de sobrevida é 
principalmente devido ao diagnóstico da doença normalmente em estágio avançado 
e à elevada propensão para a invasão local e a disseminação regional e à distância 
(Bagan e Scully, 2009; Warnakulasuriya, 2010). A ausência de marcadores 
biológicos que possam auxiliar na orientação da melhor opção terapêutica dos 
pacientes e na predição do seu prognóstico contribui para a baixa sobrevida. 
Várias características moleculares e histopatológicas têm sido propostas 
como fatores prognósticos do CEC oral, porém nenhuma ainda é utilizada na rotina 
clínica, levando a utilização do tradicional estadiamento clínico do paciente, baseado 
no sistema TNM, para indicar o manejo e prognóstico do paciente. O sistema foi 
desenvolvido pela União Internacional Contra o Câncer (UICC) e é denominado de 
sistema TNM de Classificação dos Tumores Malignos. A letra T representa o 
tamanho e as características do tumor primário, N as características dos linfonodos 
das cadeias de drenagem linfática do órgão em que o tumor se localiza e M a 
presença ou ausência de metástases à distância. O estadiamento TNM varia para 
cada forma específica de câncer, mas existem princípios gerais aonde estes 
parâmetros recebem graduações, geralmente de T0 a T4, de N0 a N3 e de M0 a M1. 
Uma lesão in situ é classificada como Tis, e com o aumento no tamanho do tumor a 
classificação varia de T1 a T4. N0 indica que não há linfonodos afetados, enquanto 
N1 a N3 indicam um número crescente de linfonodos afetados por metástases. M0 
representa a ausência de metástases à distância e M1 a presença de metástases 
(Cotran et al., 2005). No entanto, em muitos casos estes fatores são inadequados e 
incapazes de discriminar o comportamento biológico de tumores com o mesmo 
estadiamento. Isto mostra a necessidade de buscar novos marcadores biológicos, 
que possam refletir melhor a diversidade biológica da doença e prever com mais 
acurácia a resposta do paciente as terapias utilizadas convencionalmente. (Shah et 
al., 2011). A metástase regional (para linfonodos cervicais) é considerada como o 
principal fator prognóstico para o CEC oral e a presença de disseminação 
extracapsular da metástase, comprovada por exame histopatológico, é 





2012). Para os tumores de língua e assoalho bucal, que juntos correspondem a mais 
de 50% dos tumores da cavidade oral, as metástases ocultas, isto é, que não são 
detectadas clinicamente ou com o auxílio de um exame de imagem, são frequentes 
e encontradas em 20 a 30% dos pacientes, dificultando o manejo e prognóstico. A 
grande quantidade de linfonodos cervicais e a ampla rede de vasos linfáticos têm 
sido sugeridas como fatores que podem favorecer o transporte das células tumorais 
para os linfonodos adjacentes (Chung et al., 2010) porém, as razões pelas quais os 
CECs orais frequentemente metastatizam não estão completamente esclarecidas. 
Entretanto, pesquisas utilizando a análise de genes/proteínas específicas ou a 
interação com o microambiente tumoral têm sido realizadas (Nitta et al., 2011;. 
Alitalo e Detmar, 2012). 
Há décadas as células tumorais têm sido o foco de diversas pesquisas. 
Entretanto, as pesquisas recentes revelaram que a doença ocorre em um tecido 
altamente complexo e as células tumorais são dependentes para o seu 
desenvolvimento e progressão dos tecidos adjacentes, o que levou ao conceito do 
microambiente tumoral (Albini e Sporn, 2007). A infiltração tumoral por diferentes 
tipos celulares, correspondendo ao compartimento estromal, é necessária para criar 
um ambiente que permita a invasão das células tumorais geneticamente alteradas 
(Hanahan e Weinberg, 2011; Lu et al., 2012). O microambiente tumoral é composto 
de CAFs (do inglês CAF - carcinoma-associated fibroblasts), células imunes e 
inflamatórias e outras células de suporte, como as células endoteliais sanguíneas e 
as células endoteliais linfáticas (Curry et al., 2014). 
Os CAFs estão entre os elementos cruciais do microambiente tumoral. 
Estas células são fibroblastos alterados fenotipicamente que demonstram exercer 
um papel importante na progressão tumoral e que têm grande habilidade para 
secretar fatores estimuladores parácrinos (De Wever et al., 2008; Marsh et al., 2011; 
Sobral et al., 2011). A mutação em TP53 em células tumorais está associada com o 
aumento da migração de CAFs para o microambiente tumoral, enquanto que TP53 
intacto inibe sua migração (Lin et al., 2013). Em um modelo animal murino, usado a 
injeção heterotópica de células de CEC de cabeça e pescoço com fibroblastos 
normais ou CAFs, Wheeler e colaboradores (2013) demonstraram que células de 
CEC de cabeça e pescoço com CAFs resultaram em crescimento aumentado do 






CAFs ou miofibroblastos (nome usado para estas células quando não 
estão associadas ao carcinoma) são células mesenquimais altamente 
especializadas que adquirem a capacidade de expressar a isoforma α da actina de 
musculatura lisa (α-SMA) e de sintetizar níveis elevados de colágeno e outros 
componentes da matriz extracelular (MEC) (Hinz e Gabbiani, 2003). Estas células 
apresentam características intermediárias entre fibroblastos e células da 
musculatura lisa (Badid et al., 2000) e são caracterizadas morfologicamente como 
células alongadas, fusiformes ou estreladas com núcleo regular e central e 
citoplasma proeminente, rico em microfilamentos de actina (fibras de estresse) e 
retículo endoplasmático (Micke e Ostman, 2004). Os miofibroblastos podem estar 
conectados uns aos outros ou com outras células por meio de aderências e junções 
do tipo gap (Darby et al., 1990; Tang et al., 1996; Micke e Ostman, 2004;) e 
estabelecem contatos com os componentes da MEC por meio de fibronexus, um 
complexo transmembrânico formado por actina, integrina e fibronectina (Eyden, 
2001; Powell et al., 2005). Embora α-SMA seja o marcador mais proeminente para 
os miofibroblastos (Desmouliere et al., 2004), esta proteína citoplasmática é 
encontrada também em outros dois tipos celulares: células musculares lisas e 
células mioepiteliais. A presença de outros marcadores como laminina, desmina, 
calponina, miosina de músculo liso, caldesmonina e proteína de ativação dos 
fibroblastos tem sido utilizada para caracterizar os miofibroblastos, mas o padrão de 
expressão é variável e dependente principalmente da origem, localização e condição 
patológica (Micke e Ostman, 2004). Alguns critérios mínimos para a caracterização 
de CAFs foram sugeridos recentemente, entre eles estão a positividade para α-SMA, 
vimentina e a enzima de maturação do colágeno tipo I prolil-4-hidroxilase e 
negatividade para citoqueratinas (De Wever et al., 2008). 
Fisiologicamente os miofibroblastos estão presentes em pequenas 
populações no tecido conjuntivo de quase todos os órgãos, principalmente em locais 
onde a força mecânica é necessária (Desmouliere et al., 2004) e patologicamente 
em condições como cicatrizes hipertróficas, fibromatoses, doenças fibro-contráteis e 
neoplasias (Gailit et al., 2001; Desmouliere et al., 2004; Powell et al., 2005). Embora 
os mecanismos que induzam o aparecimento dos miofibroblastos sejam 
parcialmente desconhecidos, estudos demonstraram uma origem a partir da 
diferenciação de células mesenquimais indiferenciadas, da transdiferenciação 





células musculares lisas, pericitos e células endoteliais, ou a partir de células 
epiteliais (Brenner et al., 2012). O fator de crescimento transformante-beta1 (TGF-
β1) parece ser o principal indutor do surgimento de miofibroblastos via ativação do 
fator de crescimento de tecido conjuntivo (CTGF) (Garrett et al., 2004; Grotendorst et 
al., 2004; Zhang et al., 2004; Sobral et al., 2007). Outras poucas moléculas 
demonstraram ser capazes de induzir a transdiferenciação dos miofibroblastos, 
incluindo PDGF, endotelina-1 e triptase liberada por mastócitos (Oyama e Kaneko, 
2011). 
A presença de CAFs em CECs orais, particularmente na região do fronte 
invasivo, demonstrou promover um comportamento mais agressivo do tumor, 
resultando em menor sobrevida global do pacientes (Kellermann et al., 2007). Vários 
estudos têm buscado elucidar o papel dos CAFs no desenvolvimento e progressão 
tumoral. De modo geral, estes estudos demonstram que a alta densidade de CAFs é 
um forte fator preditivo de prognóstico desfavorável (Kellermann et al., 2008; 
Kawashiri et al., 2009; Vered et al., 2010; Bello et al., 2011; Marsh et al., 2011; Fujii 
et al., 2012; Ding et al., 2014;), e demonstram ainda que a presença destas células 
no estroma dos CECs orais pode influenciar na proliferação e invasão, resultando 
em um tumor mais agressivo (Sobral et al., 2011; Hinsley et al., 2012). No estudo de 
Sobral e colaboradores (2011) foi demonstrado que produtos de síntese dos 
miofibroblatos são capazes de modular a proliferação e invasão de linhagens 
celulares de CEC oral. CAFs podem superexpressar uma grande variedade de 
fatores, como citocinas, fatores de crescimento e quimiocinas (MMPs, TGF-β, MCT4, 
VEGF, HGF, IL-22) que têm papel importante na indução da deposição de matriz 
extracelular, na promoção da angiogênese e da transição epitélio-mesênquima, 
regulação da reprogramação metabólica e aumento da proliferação e resistência a 
quimioterápicos (Madar et al., 2013; Valcz et al., 2014; Martinez-Outschoorn et al., 
2014). 
Sistemas de co-cultura ou cultura tri-dimensional (3D) têm sido utilizados 
para estudar a interação entre CAFs e células do câncer. Entretanto, o estudo de 
células em culturas 3D é dificultado pela falta de métodos simples para realizar sua 
análise. As técnicas atuais requerem muito tempo, equipamentos caros como a 
microscopia confocal para resultados otimizados e são pouco adaptados para este 
tipo de estudo (Debnath e Brugge, 2005; Yamada e Cukierman, 2007). Além disso, 





independentes da presença de células tumorais e são mantidas in vitro na ausência 
de células epiteliais (Orimo et al., 2005; Hu et al., 2005). Desde que o conceito de 
secretoma (conjunto de proteínas secretadas e/ou clivadas da superfície de células) 
foi proposto (Tjalsma et al., 2000), essa técnica tornou-se bastante atrativa. 
Identificar as proteínas sintetizadas pelos CAFs com efeitos sobre a proliferação e 
invasão tumoral é crucial para um melhor conhecimento dos eventos biológicos 
associados à tumorigênese oral e para a descoberta de novos biomarcadores 
tumorais, possibilitando, por exemplo, a discriminação de pacientes de alto e baixo 
risco de desenvolverem metástases e permitindo um tratamento mais individualizado 
(Paltridge et al., 2013). Neste estudo foi utilizada a espectrometria de massas para a 
análise das proteínas sintetizadas pelos CAFs (secretoma), esse método foi 
recentemente aplicado com sucesso em carcinoma de cólon (De Boeck et al., 2013; 
Chen et al., 2014), câncer de cabeça e pescoço (Rasanen et al., 2013) e câncer 
nasofaríngeo (Ge et al., 2012). 
Em estudos proteômicos, a identificação da proteína é a principal 
informação que se busca para obter anotações biológicas de grandes conjuntos de 
dados. As proteínas encontradas pela espectrometria de massas podem estar 
relacionadas a uma ampla diversidade de funções biológicas, que podem ter um 
papel importante em muitos processos biológicos diferentes. Além disso, as 
variações nos níveis de expressão de proteína podem dar indicações sobre as 
alterações de mecanismos celulares, tais como as alterações resultantes do 
desenvolvimento de processos patológicos. Para identificar e priorizar essas 
associações uma ampla gama de ferramentas de bioinformática tem sido 
desenvolvida nos últimos anos (Carnielli et al., 2015). 
O objetivo deste estudo foi identificar proteínas sintetizadas pelos CAFs 
derivados de CEC oral e compará-las com as sintetizadas por fibroblastos derivados 
de mucosa oral normal. Os níveis de expressão de FNDC1 (fibronectin type III 
domain containing 1), SERPINE1 (serpin peptidase inhibitor, clade E, member 1) e 
STC2 (stanniocalcin 2) foram significantemente mais altos no secretoma dos CAFs, 
levando a um maior entendimento dos mecanismos regulatórios dos CAFs no 
microambiente do CEC oral. STC2, um hormônio glicoprotéico, é expresso em uma 
variedade de tecidos para regular a homeostase dos íons de cálcio e fosfato 
(Madsen et al., 1998; Ito et al., 2004). Esta proteína tem sido relatada em vários 





et al., 2002; Chang et al., 2003; Law et al., 2008; Law et al., 2010; Tamura et al., 
2009; Ieta et al., 2009; Hou et al. 2015). 
Um estudo das mudanças genéticas no linfoma primário do sistema 
nervoso central (LPSNC) revelou que FNDC1 é menos expresso quando comparado 
com tecidos linfóides normais (Sung et al., 2011). Sapudom e colaboradores (2015) 
estudaram o impacto da fibronectina na função celular do fibroblasto sob condições 
de diferenciação (estimulação com TGF-β1) usando matrizes 3D biomiméticas. Eles 
encontraram que altos níveis de fibronectina reduziram a proliferação e não 
demonstraram efeitos na diferenciação dos fibroblastos, mas aumentaram a 
migração. Por outro lado, a estimulação dos fibroblastos com grandes quantidades 
de fibronectina adicionada de TGF-β1 aumentou a proliferação. 
Estudos demonstraram que SERPINE1 tem um papel importante nos 
processos fibróticos. Foi sugerido que o efeito pró-fibrótico de SERPINE1 resulta da 
habilidade desta proteína em recrutar macrófagos e miofibroblastos (Norman, 2011). 
SERPINE1 é também um inibidor eficiente do ativador de plasminogênio tipo 
uroquinase (uPA), uma enzima chave no processo de remodelamento tecidual 
(Foekens et al., 2000). Interessantemente, SERPINE1 não é produzida pelas células 
epiteliais do câncer mas pelas células estromais do tumor (Umeda et al., 1997). A 
superexpressão conjunta de uPA, seu receptor (uPAR) e SERPINE1 está fortemente 
correlacionada com prognóstico ruim dos pacientes com câncer (Foekens et al., 
2000; Duffy, 2004; Choong e Nadesapillai, 2003). Além do seu valor prognóstico, a 
expressão de SERPINE1 foi validada como um marcador para o tratamento de 
pacientes com câncer de mama com linfonodos negativos (Look et al., 2002; Harris 
et al., 2007). Alguns estudos prévios apontaram que a expressão de SERPINE1 
aumenta durante a transformação maligna da mucosa (Strojan et al., 1998; Lindberg 
et al., 2006; Speleman et al., 2007; Shi et al., 2007; Huang et al., 2014). Os perfis de 
expressão gênica dos CEC de cabeça e pescoço mostraram que SERPINE1 é 
comumente superexpressa em tumores primários e metástases linfonodais (Chen et 
al., 2004; Schmalbach et al., 2004; Chin et al., 2005; Roepman et al., 2005; Liu et al., 
2008; Mendez et al., 2009). Para o CEC de cabeça e pescoço, alguns estudos 
sugeriram uma associação entre a alta expressão de SERPINE1 e um prognóstico 
ruim (Chin et al., 2005; Hundsdorfer et al., 2005; Speleman et al., 2007; Magnussen 





associação (Strojan et al., 1998; Nozaki et al., 1998; Strojan et al., 2000; Huang et 
al., 2014). 
No presente estudo, os processos biológicos associados com a 
expressão do colágeno tipo I foram altamente representadas nos CAFs e uma alta 
imunoexpressão dos níveis de PINP e α-SMA (demonstrando a presença de CAFs) 
no fronte tumoral foi associada com pior prognóstico. Em um estudo recente, Salo e 
colaboradores (2013) demonstraram que os CAFs também secretam vários tipos de 
colágeno, os quais podem promover o crescimento tumoral, invasão e 
disseminação. Interessantemente, a produção de pró-peptídeo N-terminal do pró-
colágeno tipo I (PINP) foi associada com um prognóstico ruim em pacientes com 
CEC de língua (Salo et al., 2013). Em tumores de mama, os níveis de PINP também 
foram associados a um pior prognóstico (Jensen et al., 2002; Marin et al., 2011), 
assim como em tumores de ovário (Simojoki et al., 2003). As células de câncer estão 
envolvidas num processo de remodelação da matriz incluindo a destruição e 
degradação da matriz e a indução da formação de novo de matriz extracelular pré-
existente. A família de proteínas de colágeno são as proteínas mais presentes no 
corpo humano. O colágeno tipo I é responsável por mais de 50% do total de 
colágenos e está presente no tecido conjuntivo frouxo, pele e órgãos internos e mais 
abundante nos ossos no qual constitui mais de 90% da matriz orgânica (Nimni, 
1983). O colágeno tipo I é sintetizado como um precursor, pró-colágeno tipo I, com 
domínios pró-peptídeos nas duas extremidades, os quais são clivados 
enzimaticamente após sua secreção para a matriz extracelular antes de tornar-se 
fibras de colágeno. Após a clivagem do pró-colágeno em uma razão equimolar, o 
pró-peptídeo N-terminal do colágeno tipo I (PINP) e o pró-peptídeo C-terminal do 
colágeno tipo I (PICP) são liberados na circulação, onde podem ser analisados por 
ensaios enzimáticos (Orum et al., 1996; Jensen et al., 1998; Brandt et al., 1999). A 
quantidade de PINP e PICP que entra na circulação são marcadores diretos da 
síntese de colágeno tipo I (Orum et al., 1996). Estudos imunohistoquímicos 
demonstraram síntese e deposição aumentada do PINP sérico no feto comparado 
ao adulto (Tornehave et al., 1989; Rasmussen et al., 1989) e na cicatrização de 







O objetivo deste estudo foi comparar o conjunto de proteínas secretadas 
por CAFs de CEC oral e por fibroblastos de mucosa oral normal com o intuito de 
identificar proteínas e processos biológicos que são superexpressos por CAFs e 
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An important role has been attributed to cancer-associated fibroblasts 
(CAF) in the tumorigenesis of oral squamous cell carcinoma (OSCC), the most 
common tumor of the oral cavity. Previous studies demonstrated that CAF-secreted 
molecules promote the proliferation and invasion of OSCC cells, inducing a more 
aggressive phenotype. In this study, we searched for differences in the secretome of 
CAFs and normal oral fibroblasts (NOF) using mass spectrometry-based proteomics 
and biological network analysis. Comparison of the secretome profiles revealed up-
regulated proteins involved mainly in extracellular matrix organization and 
disassembly and collagen metabolism. Among the up-regulated proteins were 
fibronectin type III domain-containing 1 (FNDC1), serpin peptidase inhibitor type 1 
(SERPINE1) and stanniocalcin 2 (STC2), the up-regulation of which was validated by 
quantitative PCR and ELISA in an independent set of CAF cell lines. The transition of 
TGF-β1-mediating NOFs into CAFs was accompanied by significant up-regulation of 
FNDC1, SERPINE1 and STC2, confirming the participation of these proteins in the 
CAF-derived secretome. Type I collagen, the main constituent of the connective 
tissue, was also associated with several up-regulated biological processes. The 
immunoexpression of PINP, the type I collagen N-terminal propeptide, was 
significantly correlated in vivo with CAFs in the tumor front, and was associated with 
significantly shortened survival of OSCC patients. Presence of CAFs in the tumor 
stroma was also an independent prognostic factor for OSCC disease-free survival. 
These results demonstrate the value of secretome profiling for evaluating the role of 
CAFs in the tumor microenvironment and identify potential novel therapeutic targets 
such as FNDC1, SERPINE1 and STC2. Furthermore, type I collagen expression by 
CAFs, represented by PINP levels, may be a prognostic marker of OSCC outcome. 
 
Keywords Cancer-associated fibroblasts; Secretome; Extracellular matrix; Type I 






Oral squamous cell carcinoma (OSCC) is the eleventh most common solid 
tumor worldwide, representing about 4% of all malignancies [1]. The World Health 
Organization (WHO) estimated for 2012 approximately 685,000 new cases of head 
and neck cancer, with the oral cavity as the most frequent site with 300,000 cases 
and 145,000 deaths [1]. Despite advances in research and treatment options, 
especially with new chemotherapy drugs, the prognosis of patients with OSCC has 
remained virtually unchanged over recent decades, remaining at 50% over 5 years 
[2]. This low survival rate is attributed mainly to late diagnosis, poor response to 
chemo and radiotherapy, and insufficient biomarkers for early diagnosis and post-
therapeutic monitoring [3]. 
During the process of invasion, tumor cells are able to induce a series of 
changes characterized by the accumulation of inflammatory and immune cells, blood 
and lymphatic capillaries, components of the extracellular matrix, fibroblasts and 
myofibroblasts (also called cancer-associated fibroblasts - CAFs), comprising the 
tumor microenvironment [4]. There is evidence that all components of the tumor 
stroma can critically influence carcinogenesis and the malignant phenotype in 
multiple stages of tumor development [5, 6]. Among these components CAFs, 
fibroblast-like cells that acquire the ability to express isoform α of the smooth muscle 
actin (α-SMA) and synthesize an extensive repertoire of cytokines, growth factors, 
chemokines, hormones, neurotransmitters, inflammatory mediators, adhesion 
proteins and most abundantly extracellular matrix proteins, have been highlighted as 
the major player in tumor-stroma crosstalk [7]. 
CAFs contribute significantly to important hallmarks necessary for cancer 
progression such as invasion and metastasis, immune escape, inflammation, 
angiogenesis and sustained growth [8-10]. The presence of these cells is also 
associated with poor prognosis in numerous tumor types, including OSCCs [11-17]. 
Identifying proteins synthesized by CAFs is crucial for a better understanding of the 
biological events associated with oral tumorigenesis and for the discovery of new 
tumor biomarkers, enabling, for example, discrimination of patients at high and low 
risk of developing metastasis and allowing for more individualized treatment. 
Previous studies have already identified proteins secreted by CAFs in colorectal [18, 
19], head and neck cancer [20], and nasopharyngeal cancer [21]. In a previous 





lines via secretion of high levels of activin A, a member of the transforming growth 
factor-β superfamily of proteins [8]. CAFs also secrete various types of collagen, 
which may lead to tumor growth, invasion and spread. Interestingly, the release of 
the N-terminal propeptide of type I collagen (PINP) was associated with the poor 
prognosis of oral tongue SCC patients [22]. 
Aiming to identify proteins released by CAFs, the present study compared 
the secretome derived from CAFs isolated from OSCCs with the secretome of 
fibroblasts isolated from normal oral mucosa. The expression levels of fibronectin 
type III domain-containing protein 1 (FNDC1), serpin peptidase inhibitor type 1 
(SERPINE1, also called plasminogen activator inhibitor-1) and stanniocalcin 2 
(STC2) in the CAF secretome were significantly higher, enhancing our understanding 
of the regulatory mechanisms of CAFs in the microenvironment of OSCCs. Biological 
processes associated with type I collagen expression were overrepresented in CAFs, 
and high immunoexpression levels of both PINP and α-SMA (representing CAF 
density) in the tumor invasive front were associated with a worse prognosis for OSCC 
patients. 
 
Material and Methods 
Clinical samples and cell culture 
The study was approved by the Human Research Ethics Committee of the 
School of Dentistry, University of Campinas, Brazil (protocol number 090/2011). After 
informed consent was given, samples were taken from OSCC patients and from 
patients with healthy oral mucosa without history of exposure to risk factors related to 
OSCC, such as smoking and alcohol consumption. The patients (6 males and 1 
female) were diagnosed with OSCC with a histological grade of well-differentiated (2 
cases) and moderately differentiated (5 cases). Each tumor sample was obtained in 
the central area of the lesion, avoiding necrotic areas, and divided in 2 parts: one 
was fixed in formalin and embedded in paraffin for hematoxylin and eosin staining, 
while the other was washed with phosphate-buffered saline (PBS), incubated in 
Dulbecco's modified Eagle's media (DMEM, Invitrogen,USA) supplemented with 10% 
calf serum (Invitrogen, USA) and antibiotics, and immediately processed. Normal oral 
mucosa was obtained from 4 males and 3 females, and processed the same way. 
Normal oral fibroblast (NOF) and CAF cell lines were established using 





initially investigated by mass spectrometry analysis, and proteins showing a 
significantly higher expression in CAFs compared to NOFs were subsequently 
validated in an independent set of 6 NOF cells lines and 6 CAF cell lines. 
 
Sample preparation for liquid chromatography associated with mass 
spectrometry (LC-MS/MS) 
One cell line of each group (NOF-1 and CAF-1) plated at 80% confluence 
(three 100 mm² dishes per condition per experiment) were gently washed with PBS 
and incubated in a serum-free media for 24 h at 37°C. After collection of the 
conditioned media, ethylenediaminetetraacetic acid (EDTA) and 
phenylmethylsulfonyl fluoride (PMSF) were added at a final concentration of 1 mM. 
Cell debris and intact cells were eliminated by centrifugation and the conditioned 
media were concentrated using a 3000-Dalton centrifugal filter (Amicon Ultra, 
Millipore, Ireland) at 4°C. Protein concentrations were determined using a protein 
assay according to the manufacturer’s instructions (Bio-Rad Protein Assay, Bio-Rad, 
USA). Proteins (80 µg) were treated with a final concentration of 1.6 M urea, 
following reduction (5 mM dithiothreitol, 25 min at 56°C), alkylation (14 mM 
iodoacetamide, 30 min at room temperature in the dark) and digestion with trypsin 
(1:50, w/w). The reaction was stopped with 1% trifluoroacetic acid (TFA) and 
desalted with Sep-pack cartridges. The samples were dried in a vacuum 
concentrator, reconstituted in 0.1% formic acid and analyzed by LC-MS/MS. Three 




An aliquot containing 3 µg of proteins was analyzed on an ETD-enabled 
LTQ Orbitrap Velos Mass Spectrometer (Thermo Fisher Scientific, USA) connected 
to a nanoflow liquid chromatography column (LC-MS/MS) by an EASY-nLC System 
(Proxeon Biosystem) through a proxeon nanoelectrospray ion source. Peptides were 
separated by a 2-90% acetonitrile gradient in an analytical PicoFrit column (20 cm x 
id 75 μm, 5 μm particle size, New Objective) at a flow of 300 nl/min over 212 min. 
The nanoelectrospray voltage was set to 2.2 kV, and the source temperature was 
275°C. All instrument methods for the LTQ Orbitrap Velos were set up in the data-





acquired in the Orbitrap analyzer after accumulation to a target value of 1e6. The 
resolution in the Orbitrap was set to r=60,000. The 20 most intense peptide ions with 
charge states ≥ 2 were sequentially isolated to a target value of 5,000 and 
fragmented in the linear ion trap by low-energy CID (normalized collision energy of 
35%). The signal threshold for triggering an MS/MS event was set to 1000 counts. 
Dynamic exclusion was enabled with an exclusion size list of 500, an exclusion 
duration of 60 s, and a repeat count of 1. An activation q=0.25 and an activation time 
of 10 ms were used. 
 
Protein identification and quantitative analysis 
The raw files were processed using the MaxQuant version 1.2.7.429 and 
the MS/MS spectra were searched using the Andromeda search engine against the 
Uniprot Human Protein Database (release July 11, 2012; 69,711 entries). The initial 
maximal allowed mass tolerance was set to 20 ppm for precursor and then set to 6 
ppm in the main search and to 0.5 Da for fragment ions. Enzyme specificity was set 
to trypsin with a maximum of two missed cleavages. Carbamidomethylation of 
cysteine (57.021464 Da) was set as a fixed modification, and oxidation of methionine 
(15.994915 Da) and protein N-terminal acetylation (42.010565 Da) were selected as 
variable modifications. The minimum peptide length was set to 6 amino acids. 
Bioinformatic analyses were performed using Perseus v.1.2.7.4,29, which is available 
in the MaxQuant environment. First, reverse and contaminant entries were excluded 
from further analysis. Label-free quantification was performed using the normalized 
spectral protein intensity (LFQ intensity). Data obtained from three independent 
experiments from each cell line were annotated, and for the analysis of differentially 
expressed proteins, the data were converted into log2 and Student’s t-test was 
applied. 
 
Quantitative PCR (qPCR) 
qPCR was used for validation of 6 proteins identified in the LC-MS/MS 
with significantly higher levels (more than 2-fold) in CAF-1 cells compared to NOF-1 
cells. Total RNA was isolated with the RNeasy mini kit (Qiagen, USA) according to 
the manufacturer's protocols. Following DNase I treatment, in order to eliminate 
genomic DNA contamination, 1 µg of total RNA per sample were used to generate 





enzyme, Invitrogen, USA). The resulting cDNAs were subjected to qPCR using 
SYBR Green PCR Master Mix (Applied Biosystems, USA) in the StepOnePlus Real 
Time PCR System (Applied Biosystems, USA). Gene expression was determined 
using the delta-delta CT method and the housekeeping gene PPIA (cyclophilin A) 
was used as reference gene for data normalization. All reactions were performed in 
triplicate. Pairs of primers are described in Supplementary Table 1. 
 
Enzyme-linked immunosorbent assay (ELISA) 
The production of the proteins validated in the qPCR (FNDC1, SERPINE1 
and STC2) as significantly higher in CAFs compared to NOFs were also assessed by 
ELISA. To obtain conditioned cell culture media, cells were plated in 24-well culture 
plates at a density of 80.000 cells/well in DMEM containing 10% of calf serum. After 
24 h, the cells were rinsed with PBS and the media replaced by DMEM without 
serum. After another 24 h, the media of each well was collected and concentrated 
using a 3000-Dalton centrifugal filter (Sartorius Stedim Biotech, Germany). Levels of 
SERPINE1 were analyzed with a human ELISA Kit SimpleStep (Abcam, USA) 
according to the manufacturer’s protocol. For FNDC1 and STC2, plates were coated 
with the concentrated samples for 2 h at room temperature and non-specific binding 
sites were blocked with 3% BSA in PBS for 2 h. After washing, anti-FNDC1 antibody 
(clone Y-12, Santa Cruz Biotechnology, USA), diluted 1:3000, and anti-STC2 
antibody (Abcam, USA), diluted 1:1000, were added to the wells and incubated for 2 
h. After washing step, donkey anti-goat IgG HRP-conjugated (Santa Cruz 
Biotechnology, USA), diluted 1:5000 (for FNDC1), and goat anti-rabbit IgG 
conjugated to HRP (Abcam, USA), diluted 1:10,000 (for STC2), were added and 
maintained for 1 h. The reactions were developed with TMB substrate reagent set BD 
OptEIA (Becton Dickinson) according to the manufacturer’s protocol. After 
terminating the reaction with 2 N H2SO4, absorbance was read at 450 nm with 
correction at 650 nm. Standard curves were constructed for FNDC1 (Santa Cruz 
Biotechnology, USA), ranging from 62.5 to 2000 pg/ml, and STC2 (Abcam, USA), 
ranging from 0.37 to 46.88 pg/ml. The wells of replicate plates were treated in a 
similar manner and used for cell counts. Cells were harvested using 0.2% trypsin and 
counted with a cell counter (Countess Automated Cell Counter, Invitrogen, USA). 






Treatment of NOF with TGF-β1 
Lyophilized TGF-β1 (R&D Systems, USA) was dissolved in culture media, 
aliquoted and stored at -80°C. To assess the effect of this cytokine, NOF cell lines 




Immunohistochemical analysis was performed in a cohort composed of 
113 patients with primary OSCC, who were diagnosed and treated at two reference 
hospitals in Cascavel, state of Paraná, Brazil: the Oncology Center of Cascavel 
(CEONC, n=46 patients) and the UOPECCAN Cancer Hospital (n=67 patients) from 
1998 to 2008. The clinicopathological features of this cohort were recently described 
[25]. 
PINP and α-SMA immunostaining was performed using the streptavidin-
biotin peroxidase complex method. Briefly, after dewaxing and hydration in graded 
alcohol solutions, the sections were treated with 3% H2O2 followed by antigen 
retrieval with 10 mM citric acid pH 6.0 in a pressure cooker. After washing with PBS, 
the sections were treated with 1% bovine serum albumin (BSA) in PBS for 1 h and 
then incubated with polyclonal rabbit anti-human antibody against PINP,26 diluted 
1:5000, or monoclonal mouse anti-human antibody against α-SMA (clone 1A4, Dako, 
USA). Reactions were developed by incubating the sections with 0.6 mg/ml 3,3'-
diaminobenzidine tetrahydrochloride (Sigma-Aldrich, USA) containing 0.01% H2O2. 
Control reactions were performed by omission of the primary antibody. 
α-SMA-positive cells (CAFs) were assessed as described by Kellermann 
et al [11]. Tumors lacking α-SMA-positive cells were classified as negative, scanty if 
more than 1% and less than 50% of the stromal cells were α-SMA-positives, and 
abundant if more than 50% of the stromal cells were α-SMA-positive cells. The 
percentage of PINP-positive cells in the stromal cells in both the stroma within the 
tumor (designed overall area for the purposes of this study) and the deep invasive 
tumor front (defined as tumor front, which represents the band of tissue between the 
invasive tumor front and adjacent normal tissue) were scored as low (negative 
samples and samples up to 50% of positive cells) and high (more than 50% of 







All in vitro assays were performed at least three times. For those assays, 
Mann-Whitney U test or one-way analysis of variance (ANOVA) with post-hoc 
comparisons based on the Tukey's multiple comparison test were applied, and the p-
value of 0.05 was set as statistically significant. 
For statistical purposes, samples classified as negative or scanty density 
of CAFs were grouped together and compared with samples with abundant presence 
of CAFs. Correlations between clinicopathological parameters of the tumors and 
immunohistochemical analyses were performed using Spearman’s rank correlation. 
Survival curves were constructed based on the Kaplan-Meier method and compared 
with the Log-rank test. For multivariate survival analysis, the Cox proportional hazard 
model with a stepwise method was employed. 
 
Results 
To characterize NOF and CAF cell lines, α-SMA expression was assessed 
by qPCR. In this specific analysis, we used a pool of 7 NOFs as a reference. All CAF 
cell lines showed at least a 2-fold increase in α-SMA mRNA levels compared to the 
reference pool (Fig. 1A). Immunocytochemical analysis demonstrated strong 
cytoplasmic staining for α-SMA in the CAF cell lines, which was not observed in the 
NOF cells (Fig. 1B). Immunoreactivity for vimentin was detected in 100% of both 
NOF and CAF cells, whereas cells were negative for pan-cytokeratin and CD34 







Figure 1. Characterization of CAF cell lines. (A) The levels of α-SMA mRNA in CAF and NOF cell 
lines were assessed by quantitative PCR. For comparison, expression in CAFs was normalized to the 
average value of the NOF cells. Data showed a clear overexpression above 2-fold in all CAF cell lines. 
(B) Immunocytochemistry analysis of markers of cell differentiation. CAFs demonstrated a vivid 
cytoplasmatic staining for α-SMA, which was not observed in NOFs. Immunereactivity for vimentin 
was detected in both NOF and CAF cells, and both cells were negative to pan-cytokeratin and CD34. 
Representative imagens of one NOF (NOF-1) and one CAF (CAF-1) cell lines are shown here. 
(original magnification x100) 
 
Secreted proteins were collected from one NOF (NOF-1) and one CAF 
(CAF-1) cell line, digested with trypsin, and the resulting peptides were analyzed in 
independent triplicates via LC−MS/MS. Using normalized spectral protein intensity 
(LFQ intensity) in the MaxQuant software, accepting only peptide and protein 
identifications with an FDR better than 0.01, we identified 271 proteins 
(Supplementary Table 2). The Log2 values of the expressed proteins were 
normalized by Z-score and represented in the heat map, which grouped the 





change of 2, applied in Log2 LFQ intensity values, we identified 13 up-regulated and 
5 down-regulated proteins in CAF cells (Table 1). 
 
 
Figure 2. Heat map of the differentially expressed proteins in NOF and CAF cells. Proteins identified 
in NOF-1 and CAF-1 cell lines were hierarchically clustered by using the Z-score LFQ values with 






Table 1. Up- and down-regulated proteins identified in the secretome of CAFs. Values represent the fold of expression in CAFs in relation to NOFs. 
 Protein Abbreviation Ratio p value 
Up-regulated Fibronectin type III domain-containing protein 1 FNDC1 4.83 0.0001 
 Insulin-like growth factor-binding protein 3 IGFBP3 4.82 0.0003 
 Cartilage oligomeric matrix protein COMP 4.57 0.0012 
 Elastin ELN 3.54 0.007 
 Collagen alpha-1(VII) chain COL7A1 3.35 0.006 
 Stromelysin-1 MMP3 3.23 0.0002 
 Transforming growth factor-beta-induced protein ig-h3 TGFBI 2.97 0.002 
 Plasminogen activator inhibitor 1 SERPINE1 2.59 0.0006 
 Xylosyltransferase 1 XYLT1 2.53 0.011 
 Collagen alpha-1(V) chain COL5A1 2.39 0.002 
 Stanniocalcin-2 STC2 2.39 0.005 
 Latent-transforming growth factor beta-binding protein 2 LTBP2 2.28 0.001 
 Procollagen-lysine, 2-oxoglutarate 5-dioxygenase 2 PLOD2 2.13 0.003 
Down-regulated Tetranectin CLEC3B -5.23 0.0004 
 Ectonucleotide pyrophosphatase/phosphodiesterase family member 2 ENPP2 -4.75 0.001 
 Collagen alpha-1(XIV) chain COL14A1 -3.43 0.002 
 Insulin-like growth factor-binding protein 5 IGFBP5 -3.20 0.009 






Functional annotation analysis of proteins identified in the two cell types 
was performed using all differentially expressed proteins (Supplementary Table 3). 
For that purpose, we used the ClueGO plugin v2.0.6 within Cytoscape v.3.0.1 for 
enrichment analysis and classified the proteins according to GO terms for biological 
processes and cellular components. The most significantly CAF overrepresented GO 
terms were extracellular matrix organization (GO: 0030198, corrected p-value = 
3.21E-37), extracellular matrix disassembly (GO: 0022617, corrected p-value = 
1.31E-17) and collagen metabolic process (GO: 0032963, corrected p-value = 2.19E-
8). In this context, we were able to relate those proteinsthat were found to be most 
significantly overrepresented in CAFs in comparison with NOF cells, including 
FNDC1, SERPINE1, STC2, elastin (ELN), matrix metallopeptidase 3 (MMP3), and 
xylosyltransferase 1 (XYLT1), to extracellular matrix organization and disassembly. 
To confirm the higher expression of those 6 proteins in CAFs compared to 
NOFs, we performed qPCR analysis followed by ELISA. A consistent and significant 
overexpression of FNDC1, SERPINE1 and STC2 was observed across the different 
CAF cell lines compared to controls (difference between groups: p=0.01 for FNDC1, 
p=0.0006 for SERPINE1, p=0.001 for STC2), whereas overexpression of ELN, MMP-
3 and XYLT1 was identified in a few CAF cell lines, revealing no significant 
differences between groups (Fig. 3). In this specific analysis, we used a pool of 6 
NOFs as a reference. Significantly higher levels of FNDC1 (p=0.01), SERPINE1 
(p=0.005) and STC2 (p=0.02) were also observed in CAFs compared to NOFs in the 
ELISA (Fig. 4). Stimulation of NOF cell lines with TGF-β1 was performed to induce 
CAF activation as previously described [24]. Treatment with TGF-β1 significantly 
induced the expression of α-SMA (Supplementary Fig. 1), which was followed by 







Figure 3. FNDC1, SERPINE1 and STC2 are overexpressed in CAF cell lines. Expression analysis of 
FNDC1, ELN, SERPINE1, MMP-3, XYLT1 and STC2, which were identified in the LC-MS/MS with 
significantly higher levels (more than 2-fold) in CAF-1 cells compared to NOF-1 cells, were verified by 
quantitative PCR in 6 different cell lines of NOF and 6 of CAFs. Higher levels of FNDC1, SERPINE1 
and STC2 were observed across the different CAF cell lines compared to control. ELN, MMP-3 and 







Figure 4. Validation of the higher levels of FNDC1, SERPINE1 and STC2 in CAF cell lines. Proteins 
secreted by NOFs and CAFs were collected and subjected to ELISA using specific antibodies against 
FNDC1, SERPINE1 and STC2. Data are expressed as ng of protein/cell. The amount of FNDC1, 
SERPINE1 and STC2 produced by CAF cells was significantly higher than NOF cells. 
 
 
Figure 5. TGF-β1-induced CAF activation is associated with the production of higher levels of FNDC1, 
SERPINE1 and STC2. NOF cells were cultured in the presence of 10 ng/ml of TGF-β1 for 48 h. 
Following treatment, cells were collected and subjected to total RNA isolation and quantitative PCR. 
CAFs induced with 10 ng/ml of TGF-β1 showed a marked increase in the expression of FNDC1, 
SERPINE1 and STC2 compared to untreated control cells. 
 
Several biological processes overrepresented in CAFs were associated 
with collagen anabolism and catabolism. Thus, to further evaluate the relevance of 
type collagen I expression originating from CAFs to OSCC, immunohistochemical 
analysis of both α-SMA, characterizing CAFs, and PINP was performed. 
Immunohistochemical reaction for α-SMA showed CAF-positive cells in 91.4% of 
OSCCs. CAFs were located in close contact with neoplastic islands, and areas of 
tumor-free stroma demonstrated a complete lack of CAFs. All samples demonstrated 
positivity for α-SMA in the smooth muscle of the blood vessel walls, which worked as 
an internal positive control. Interestingly, PINP was observed as a cytoplasmic stain 
with variable distribution and intensity in both tumor and stromal cells. Many CAF 
cells were reactive for the antibody anti-PINP (Fig. 6), and a significant correlation 
between CAF density and PINP expression in the invasive front was detected (Table 





of PINP in the stromal cells are depicted in Table 3. A significant correlation between 
PINP immunoexpression in the overall tumor stroma and age was observed in this 
cohort (p=0.002). Significant correlations were also observed between the density of 
CAFs in the overall stroma (p=0.007) and invasive front stroma (p=0.003) and type of 
treatment, and between the presence of CAFs in the invasive front and the 
development of a second primary tumor (p=0.05). 
Increased PINP expression by stromal cells in both overall stroma 
(p=0.005) and invasive front (p=0.005) was associated with shortened specific 
survival (Fig. 7). Abundant presence of CAFs in the invasive front was also 
significantly associated with lower specific-survival (p=0.006, Fig. 7). Patients whose 
tumors showed high expression of PINP in the stromal cells in the invasive front had 
a significantly shorter disease-free survival period than patients with low expression 
(p=0.02, Fig. 8). Similarly, patients with tumors showing negative/scanty presence of 
CAFs had longer disease-free survival than those with tumor showing abundant 






Figure 6. Immunohistochemical expression of PINP and α-SMA in representative samples of OSCCs 
of this study. (A) Positivity for PINP was observed mainly in the cytoplasm of the stromal cells adjacent 
the tumor and in some tumor cells. (B) α-SMA expression was limited to stromal cells and α-SMA-
positive cells were concentrated at the tumor margin, immediately adjacent to the islands of tumor 
cells and demarcating the invasive front of the tumor. Expression of PINP was mainly detected in the 






Table 2. Correlation analysis of CAF density and PINP expression in the different compartments of the tumor. Spearman's coefficient (rs) is above the 
diagonal and p value is below diagonal. 
 PINP - Overall PINP - Tumor front CAF density - Overall CAF density - Tumor front 
PINP - Overall - 0.357 0.177 0.168 
PINP - Tumor front 0.001 - 0.128 0.538 
CAF density - Overall 0.07 0.19 - 0.777 






Table 3. Spearman correlation of the clinicopathological variables with immunohistochemical expression of PINP and CAF density. 
Variables PINP level CAF density 
 Overall 
(rs / p value) 
Tumor front 
(rs / p value) 
Overall 
(rs / p value) 
Tumor front 
(rs / p value) 
Age 0.285 / 0.002 0.071 / 0.45 0.021 / 0.84 0.032 / 0.76 
Gender 0.027 / 0.78 0.097 / 0.31 -0.083 / 0.40 -0.141 / 0.15 
Smoking habit -0.093 / 0.37 -0.093 / 0.38 -0.123 / 0.26 -0.011 / 0.91 
Drinking habit -0.015 / 0.89 -0.005 / 0.96 0.038 / 0.74 0.117 / 0.32 
Tumor site 0.055 / 0.56 0.051 / 0.60 -0.027 / 0.78 0.025 / 0.79 
T stage 0.107 / 0.26 -0.021 / 0.82 0.169 / 0.08 0.125 / 0.20 
N stage 0.107 / 0.26 -0.071 / 0.45 0.169 / 0.08 0.178 / 0.07 
Treatment 0.015 / 0.87 -0.078 / 0.41 0.261 / 0.007 0.286 / 0.003 
Histopathological grade 0.139 / 0.14 0.139 / 0.14 0.056 / 0.56 -0.031 / 075 
Margin Status 0.049 / 0.43 -0.002 / 0.98 -0.074 / 0.45 -0.051 / 0.61 
Local recurrence 0.104 / 0.27 0.104 / 0.27 0.182 / 0.06 0.125 / 0.20 
Regional recurrence -0.139 / 0.14 -0.083 / 0.38 0.103 / 0.29 0.137 / 0.16 
Distant recurrence -0.135 / 0.15 0.008 / 0.94 0.096 / 0.32 -0.036 / 0.71 






Figure 7. Specific survival curves of the OSCC patients according to PINP expression levels and CAF 
density. Specific survival was determined by the period between the treatment beginning until death 
by the cancer or last follow-up information. The univariate analysis revealed that high positivity for 
PINP in the stromal cells in both overall and tumor invasive front are significantly associated with 
shortened survival. The specific survival according to the Kaplan-Meier method also revealed that 







Figure 8. Expression of PINP and density of CAFs are associated with shortened disease-free 
survival of patients with OSCC. Disease-free survival was calculated by the time between initiation of 
treatment until diagnosis of the recurrence (local, regional or distant) or last follow up information for 
those without recurrence. Abundant presence of CAFs in both overall stroma and invasive tumor front 
was associated with shortened disease-free survival. Increased PINP expression in the invasive front 
was also significantly associated with lower disease-free survival. 
 
The adjusted multivariate analysis based on Cox proportional regression 
found that expression of PINP by the stromal cells at the invasive front was a 
significant predictor of disease-specific and disease-free survival of patients with 
OSCC (Table 4). Hazard ratios (HR) of 3.31 (95% CI: 1.54-5.96, p=0.002) for specific 
survival and 3.78 (95% CI: 1.22-11.67, p=0.02) for disease-free survival were 
observed. Presence of CAFs significantly influenced relapse (disease-free survival) 
of OSCC patients. For overall distribution of CAFs, a HR of 2.99 (95% CI: 1.52-5.92, 
p=0.002) was found for abundant presence in relation to negative/scanty presence. 
Similarly, abundant presence of CAFs in the invasive front revealed a HR of 3.08 
(95% CI: 1.61-5.92, p=0.0001). Cox analysis of specific survival also revealed that N 





Table 4. Cox multivariate analysis for the risk of death and recurrence. 
Parameter Specific survival Disease-free survival 
 HR (95% CI) p value HR (95% CI) p value 
N stage     
N0 Reference    
N+ 2.25 (1.03-4.91) 0.04   
PINP level – Tumor front     
Low Reference  Reference  
High 3.31 (1.54-5.91) 0.002 3.78 (1.22-11.67) 0.02 
CAF density - Overall     
Negative/Scanty   Reference  
Abundant   2.99 (1.52-5.92) 0.002 
CAF density - Tumor front     
Negative/Scanty   Reference  







Stromal cells in the tumor microenvironment, including lymphocytes, 
macrophages, endothelial cells and active-fibroblasts, have been shown to influence 
the aggressiveness of cancer cells by inducing invasion and metastasis [4]. This 
functional state of tumor-associated cells holds a wealth of prognostic and response-
predictive information and opens up novel options for stroma-based anticancer 
therapies. CAFs, which indicate myofibroblast transdifferentiation, seem to be 
especially critical for many aspects of oral carcinogenesis, since the presence of 
CAFs, mainly in the invasive front, denotes a more aggressive phenotype by 
promoting the proliferation and invasion of tumor cells [8, 11, 27]. However, efforts to 
develop new treatments targeting CAFs are complicated by our poor understanding 
of the mechanisms underlying their development and by only partial knowledge of 
their mechanisms of induction of OSCCs. Thus, knowledge of CAF secretome 
signatures may help determine the contribution of this specific cell-type to the 
complex profile of OSCCs. Herein we analyzed the LFQ proteomic data and 
identified the secretome signatures of OSCC-derived CAFs. In this way, we were 
able to characterize the functional state of CAFs and to identify proteins that may be 
related to the supportive effects of CAFs in tumor cell invasion and metastasis. 
CAFs may exchange cytokines, extracellular matrix proteins and enzymes 
that promote growth directly through the stimulation of proliferation and survival, as 
well as invasion via local proteolysis of the extracellular matrix [7, 28]. In fact, we 
identified several proteins related to extracellular matrix, and the GO terms 
extracellular matrix organization, extracellular matrix disassembly and collagen 
metabolic process were overrepresented in the secretome of CAFs in comparison 
with NOFs. Among the proteins up-regulated in CAFs and associated with these 
biological processes are FNDC1, SERPINE1 and STC2. Those 3 proteins were 
validated by qPCR and ELISA in different CAF cell lines, and in the model 
characterized by TGF-β1 stimulating normal fibroblast transition to CAFs. 
Recently attention has been paid to the fibronectin type III domain-
containing proteins, but our understanding of their roles in normal and pathological 
conditions is limited. These proteins form a block containing the fibronectin III 
domain, which is characterized by approximately 90 amino acids but with only 15-
20% sequence identity. In spite of this limited identity, all fibronectin III domains have 





and 4 on the other. This fold is similar to that of the immunoglobulin domain, but one 
strand is switched to the opposite side [29]. Proteins containing this domain are 
thought to function as transmembrane receptors or cell adhesion molecules and they 
can also influence development [30]. FNDC5 (Irisin), the fifth member of the 
fibronectin type III domain containing-protein family, is released into the plasma by 
skeletal muscles during exercise training [30], and circulated to fat tissues where it 
induces a transition to brown fat [29], suggesting an important role in glucose 
metabolism. In primary central nervous system lymphoma, FNDC1 was deleted in 
41.7% of cases, and down-regulation of the mRNA levels was consistently observed. 
However, FNDC1 levels were not correlated with the outcome of this tumor [31]. 
Although FNDC1 was up-regulated in all CAF cell lines and TGF-β1 inducing CAF 
activation was followed by increased FNDC1 expression, further analyses in human 
specimens in association with pathway characterization are required. 
SERPINE1 is a multifaceted proteolytic factor that not only functions as an 
inhibitor of proteases, particularly of serine protease urokinase plasminogen activator 
(uPA), but also plays an important role in signal transduction [32]. High levels of 
SERPINE1 have been consistently associated with tumor aggressiveness and poor 
patient’s outcome [33-35]. Besides its prognostic value, SERPINE1 expression has 
been validated as a marker for therapy in patients with node-negative breast cancer 
[36, 37]. Possible mechanisms by which SERPINE1 contributes to cancer 
dissemination include the prevention of excessive degradation of the extracellular 
matrix, modulation of cell adhesion, and stimulation of angiogenesis and cell 
proliferation [38-40]. Immunohistochemical analysis revealed that both SERPINE1 
and α-SMA at the tumor-advancing front of OSCCs were significantly associated with 
extracapsular spread of cervical lymph nodes, a prognostic marker of OSCC 
outcome, and the combination of α-SMA/SERPINE1-positivity was significantly 
associated with poor survival of OSCC patients [41]. Interestingly, C-188-9, a STAT-3 
inhibitor, decreased pulmonary fibrosis and resulted in inhibition of fibroblast-to-
myofibroblast differentiation and TGF-β-induced expression of multiple genes 
including SERPINE1 [42]. 
Another protein that may support the protumoral effects of CAFs on oral 
cancer cells is STC2, which we found to be up-regulated in the secretome of CAFs 
and in TGF-β1-treated NOFs. STC2, a secreted glycoprotein hormone expressed by 





and oxidative damage and induces proliferation [43, 44]. STC2 has recently been 
described to inhibit epithelial-mesenchymal transition through the PKC/claudin-1-
mediated signaling in human breast cancer cells [45]. Previous studies have shown 
deregulated expression of STC2 in a variety of cancers, with its expression 
correlating with poor prognosis [45-51]. Although such studies have focused on 
STC2 expression by the tumor cells, the immunohistochemical images clearly show 
that STC2 is also expressed by mesenchymal cells adjacent to tumor islands 
resembling CAFs. STC2 may thus be released by CAFs, allowing the OSCC cells to 
become invasive and prometastatic. 
The results presented here also revealed that CAFs express a variety of 
up-regulated proteins that control collagen metabolic processes. This was previously 
described in other studies that investigated CAFs derived from other tumors [18,19, 
22, 52]. In a recent study, Rasanen and collaborators [20] characterized the 
secretomes of E-cadherin low mesenchymal-like subpopulations of OSCCs, which 
resembled that of CAFs, and revealed up-regulation of several proteins involved in 
organization of the extracellular matrix, such as multiple types of collagen. The CAF 
secretome, particularly type I collagen and its bioactive peptides derived from 
procollagen maturation, has been associated with an invasion-permissive stroma in 
ovarian, colon and breast cancer cells [53] as well as proangiogenic stroma [28, 54]. 
Interestingly, the decrease in type I collagen expression in breast carcinoma 
contributes to normalization of the tumor stroma and improves the intratumoral 
penetration of therapeutics [55]. PINP immunohistochemical analysis, representing 
the procollagen fragment of type I collagen, revealed positivity in both stromal and 
tumor cells, but the intensity was lower in tumor cells compared to stromal cells. 
Strong and positive correlations between PINP expression by stromal cells and CAFs 
(α-SMA-positive cells) were observed. Furthermore, PINP expression by stromal 
cells in the invasive front was significantly associated with the outcome of patients 
with OSCCs. The association of abundant presence of CAFs in the invasive tumor 
front with shorter overall survival was confirmed, as originally described by us [11] 
and later by others [12-15]. Taken together, our results demonstrate that expression 
of type I collagen by CAFs is an indicator of outcome of OSCCs, and reinforce the 
suggested role of CAFs in tumor progression and metastasis. 
In conclusion, cancer progression is the result of a complex cross-talk 





mechanisms by which CAFs induce tumorigenesis is essential for identification of 
new therapeutic targets, as well as novel prognostic markers. In the current study the 
secretome profiling of CAFs isolated from OSCC stroma revealed that the expression 
of proteins involved in extracellular matrix organization and remodeling is altered 
compared to NOFs, suggesting a possible influence in OSCC phenotypes. FNDC1, 
SERPINE1 and STC2 may be important proteins associated with CAF-induced oral 
cancer progression and development, although further research is warranted. 
Moreover, induction of collagen synthesis by CAFs, particularly type I collagen, may 
affect OSCC behavior, since high levels of PINP expression by CAFs in the invasive 
front were significantly associated with a worse prognosis. 
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Supplementary Figure 1. TGF-β1 induces transdifferentiation of NOFs to CAFs. NOFs were cultured 
with 10 ng/ml of TGF-β1 in culture media containing 0.1% of calf serum for 2 days. Following 
treatment, cells were collected and subjected RNA purification and quantitative PCR analysis. The 






Supplementary Table 1. Primers used in the quantitative PCR. 
Target Primer forward (5’-3’) Primer reverse (5’-3’) 
FNDC1 CCATGGACGGCAATATGTGA ACAAAGAACAACTCCCACGAACTT 
ELN TGGTTTTATTGTTGTGGTTCATTGA AAAAAAGGTGTGTTTCATCCAGAGT 
MMP3 TGATGAACAATGGACAAAGGATACA TTTCATGAGCAGCAACGAGAA 
SERPINE1 CGCCTTCATCTGGGACAAA CTAAAATTCTTTTCTTCGGAGTTTCTTC 
XYLT1 CCAAGACTGGGTGACTTTATATGTACTT GCTATCACTTTCCAGGCAGGAA 
STC2 GATGTCACACGCAGGATTCTGT TGTCCGTTCCGCGAACA 






Supplementary Table 2. . Proteins identified in NOF-1 and CAF-1 cell lines by LC-MS/MS. 
Protein IDs Abbreviation NOF-1 NOF-1 NOF-1 CAF-1 CAF-1 CAF-1 
Ratio 
(CAF/NOF) p value 












intensity     
    Experiment1 Experiment2 Experiment3 Experiment1 Experiment2 Experiment3     
A1L4H1 SSC5D 28.1916 28.39713 28.39595 28.58642 28.97394 28.96207 0.51 0.02 
P41271-2 NBL1 29.07692 28.29465 28.77872 26.70108   27.70359 -1.51 0.05 
A6NG51 SPTAN1 24.73862 25.30462 24.97762 24.75318 24.81196 24.6634 -0.26 0.19 
P21810 BGN 31.9663 31.47914 31.1575 33.52542 33.2983 32.8561 1.69 0.01 
A6NMH8 CD81 26.07557 25.84448 25.91109 23.81499   24.27377 -1.90 0.00 
A7MAP1 CORO1C 25.72614 26.04471 26.04408 26.17026 26.13256 26.58678 0.36 0.12 
B1AK88 CAPZB 23.66904 23.58417 23.80134 25.69283   24.54221 1.43 0.05 
Q9BRK3-2 MXRA8 26.16008 26.34669 25.97448 26.16116 25.87523 26.55742 0.04 0.88 
P12081 HARS   22.60472 22.17865 22.19565 22.48503   -0.05 0.86 
P47755 CAPZA2 22.93386 22.72236 23.01585           
P13797 PLS3 24.3864 24.81714 25.07067 25.08586 26.05082 25.36959 0.74 0.10 
P00750 PLAT 20.91685 22.69986 22.81627 22.35612 22.51905   0.29 0.74 
B4DR87 PLOD1 28.06132 27.70425 28.05548 29.33204 28.96857 28.22518 0.90 0.06 
B4E1F0 SERPING1 30.31527 31.39861 31.69412 30.51813 30.98155 31.185 -0.24 0.63 
P05231 IL6       22.05861 22.71299 22.95074     
B7Z1Z5 NTM   22.91787 22.65301 23.91834   23.08408 0.72 0.24 
Q16881 TXNRD1 26.81629 26.39013 26.36351 27.00571 26.37992 26.74957 0.19 0.46 
Q92859 NEO1 22.58206 22.93195 22.95732 22.42347 22.36858 22.21804 -0.49 0.02 
CON__ENSEMBL:ENSBTAP00000007350   24.78202 24.96987 25.18616 25.19798 24.75297 24.89546 -0.03 0.87 
CON__ENSEMBL:ENSBTAP00000014147   25.82063 25.88946 25.03674   25.01338   -0.57 1.00 





CON__ENSEMBL:ENSBTAP00000018229   24.10837 24.55391 23.86022 24.13782 24.18094   -0.01 0.96 
CON__ENSEMBL:ENSBTAP00000024146   29.22993 29.52191 28.75443 29.34361 28.65649 28.94215 -0.19 0.56 
CON__ENSEMBL:ENSBTAP00000024466   28.98427 27.755 26.91764 27.71194 26.91468 26.69591 -0.78 0.31 
CON__ENSEMBL:ENSBTAP00000037665   22.78722 22.53801 22.65285 22.39652 22.55049 21.84843 -0.39 0.15 
CON__P00978   23.65403 23.28079 23.50628 22.95296 22.61567 22.90468 -0.66 0.01 
CON__P01030     25.12727   24.24045 24.69434 24.39218 -0.68 1.00 
CON__P02070   24.66557 25.59869 25.52435 24.71146 25.13907 24.87507 -0.35 0.34 
CON__P02769   32.62172 32.34765 31.66174 32.79347 31.76034 31.54775 -0.18 0.73 
CON__P02777   23.975 24.21015 25.70757 24.99408 25.58995 24.81529 0.50 0.44 
CON__P13645 KRT10 26.9149 27.05848 26.20309 26.91604 27.41296 27.18149 0.44 0.21 
CON__P17690   23.08995 23.11721 23.60908 23.71072 23.20984 23.25465 0.12 0.63 
CON__P34955   22.34365 22.32701 20.98704 21.996     0.11 1.00 
CON__Q05B55   24.86074 24.56738 23.97491 24.20187   24.4491 -0.14 0.71 
CON__Q0IIK2   27.1831 26.80193 24.95522 27.05559 25.81568 25.58256 -0.16 0.85 
CON__Q0VCM5   23.25883 24.135 24.19077 25.81585 26.66492 26.80329 2.57 0.00 
CON__Q1RMK2   29.38762 30.01611 29.27524 29.51854 29.47112 29.0567 -0.21 0.48 
CON__Q1RMN8   28.44727 27.82129 27.12366 27.71365 26.93764 26.67196 -0.69 0.24 
CON__Q28085   24.66384 24.51941 24.01044 24.24829 23.78915 24.11807 -0.35 0.22 
CON__Q2KIU3     22.8538   23.40341     0.55 1.00 
CON__Q2KJ62   25.99101 27.24581 27.0379 26.55793 27.56202 27.70326 0.52 0.39 
CON__Q2KJF1   24.4339 24.59747 24.03162 24.60003   23.12869 -0.49 0.47 
CON__Q2UVX4   27.60116 28.40312 27.48623 27.6035 27.52216 26.81091 -0.52 0.25 
CON__Q32PJ2   24.22656 24.38634 24.72848 24.02521 24.77525 24.77279 0.08 0.80 
CON__Q3KUS7   22.84366 23.39558 23.83836 24.59423 23.01431 23.09117 0.21 0.74 
CON__Q3SZR3   22.67483 23.07125   23.50325   21.98343 -0.13 0.88 
CON__Q3SZV7   27.08233 27.64664 27.14696 26.83509 27.06692 26.39839 -0.53 0.12 





CON__Q9TTE1   22.79976 23.45651     22.99412   -0.13 1.00 
D3YTG3 ABI3BP 27.7424 28.15832 29.20788 27.32466 27.13585 28.12711 -0.84 0.19 
Q99715 COL12A1 33.43837 33.26849 32.5647 32.49312 32.88309 31.98237 -0.64 0.16 
O00584 RNASET2 25.92273 26.71843 27.90455 26.63395 26.40173 26.06973 -0.48 0.47 
P17301 ITGA2 22.31136 22.86143 22.20476 22.28985     -0.17 1.00 
Q16181 SEPT7 22.90202 22.96171 22.58008 22.746 22.84004 22.93724 0.03 0.85 
O00469-2 PLOD2 24.6102 24.21379 23.91643 26.89701 26.01979 26.21362 2.13 0.00 
P78536 ADAM17 22.79893 23.21941 23.23891 23.20561 22.69066 22.13138 -0.41 0.30 
E7EVA0 MAP4 25.58743 25.96589 25.63796 25.43288 25.29148 24.86773 -0.53 0.06 
E7EX17 EIF4B     20.93991 21.10476     0.16 1.00 
E9PDC5 PTPRS 23.05667 22.95582 22.89286 22.61405     -0.35 1.00 
P05452 CLEC3B 29.1438 29.88087 30.60497 24.3684 24.47859 25.08468 -5.23 0.00 
P35318 ADM 26.54782 26.54821 25.63666 26.66926 27.29518 27.09728 0.78 0.09 
Q9UBQ6 EXTL2   22.61782   23.40704   22.97276 0.57 1.00 
P98095-2 FBLN2 28.05196 28.82557 28.64904 26.73738 27.33074 27.34291 -1.37 0.01 
Q12797 ASPH 22.64276 22.70516 22.64676 22.74536 22.27478   -0.15 0.45 
F5H6I0 B2M 31.31122 30.54665 31.3365 30.39407 29.49928 29.70425 -1.20 0.03 
P09496 CLTA 23.10412 23.35057   23.85928 24.04643   0.73 0.04 
B7Z6Z4 MYL6 26.83521 27.36845 26.58821 27.38772 27.82875 27.94229 0.79 0.05 
Q10471 GALNT2 23.9526 24.14243 24.50646 24.32437 24.59343 25.34824 0.55 0.18 
Q14767 LTBP2 29.7848 29.4375 29.58118 31.40973 32.2378 32.01072 2.28 0.00 
P49747 COMP 26.5024 25.96721 25.32749 29.88932 31.35274 30.26919 4.57 0.00 
G8JLA8 TGFBI 30.81871 31.41044 32.19114 34.41008 34.71477 34.22144 2.98 0.00 
H0YMD1 LDLR 21.32059     22.79974 23.21909 21.72808 1.26 1.00 
P43034 PAFAH1B1   22.48222   21.90121 21.85893   -0.60 1.00 
K7ERG9 CFD 26.72325 27.89735 27.34925 25.99153 28.47765 26.98533 -0.17 0.84 





O00264 PGRMC1 22.56897 22.34381 22.30338 21.65491   22.00457 -0.58 0.04 
O00299 CLIC1 23.81617 23.81558 23.57231 23.66123 23.30661 23.56976 -0.22 0.17 
O00300 TNFRSF11B 26.3318 26.49928 26.18728 27.02834 26.94224 26.74484 0.57 0.01 
O00391 QSOX1 30.43718 30.58638 30.54655 29.81081 30.24853 30.22676 -0.43 0.05 
O00410-3 IPO5 21.11934 22.54253 22.01706 22.46324 21.6063   0.14 0.83 
O00462 MANBA 23.06837 23.21632 22.59142 23.44645 22.98298 23.68239 0.41 0.21 
O00468-3 AGRN 25.37395 25.17162 25.04498 24.82706 23.80912 24.18918 -0.92 0.04 
O14498 ISLR 27.78974 29.14407 29.93185 30.92373 30.83425 29.81063 1.57 0.10 
O15145 ARPC3 21.15221 21.99262 22.65613           
O15230 LAMA5 25.37149 25.21479 25.27618 24.47432 23.27654 23.05257 -1.69 0.02 
O43854 EDIL3 23.66622   23.48493 23.90518 23.85576   0.30 0.08 
O60568 PLOD3 27.21595 26.75009 26.94748 28.53245 28.00871 27.86656 1.16 0.01 
O60687 SRPX2 25.52835 26.10753 25.26564 25.77718 26.69179 25.46992 0.35 0.48 
O60888-2 CUTA 22.3932 23.31063 22.91882 22.06589 22.39111   -0.65 0.17 
O75083 WDR1   23.38811 21.56932 22.66186 21.9561 22.62464 -0.06 0.94 
O75326 SEMA7A 25.76302 24.98381 24.43968 26.98055 26.73557 26.89458 1.81 0.01 
O76061 STC2 26.33492 25.17368 25.04727 28.13731 27.85305 27.73376 2.39 0.01 
O95336 PGLS 24.10221 23.65644 22.91156 23.47964 23.14478   -0.24 0.64 
O95865 DDAH2 21.53331 22.31681 21.9507 21.46817 22.52607   0.06 0.91 
O95965 ITGBL1 29.5988 28.73104 29.17902 30.13014 29.98861 29.67248 0.76 0.06 
P00441 SOD1 26.24652 26.50048 26.54557 25.90298 27.05941 26.01436 -0.11 0.80 
P00736 C1R 32.23869 32.73366 33.3181 31.92472 32.54128 32.75039 -0.36 0.42 
P01344 IGF2 31.264 31.68403 30.8276 31.24513 30.20979 31.16949 -0.38 0.41 
P02452 COL1A1 35.64911 35.03866 34.34493 36.04285 36.34612 36.15627 1.17 0.04 
P02461 COL3A1 32.87173 32.98177 32.4054 32.67299 33.13586 33.51183 0.35 0.30 
P02462 COL4A1 24.7476 25.81597 25.79625 26.16139 27.93038 27.21132 1.65 0.06 





P03956 MMP1 32.0817 32.34197 32.23103 32.4348 31.78367 32.3495 -0.03 0.90 
P04075 ALDOA 28.69069 28.62255 28.51318 29.12357 28.44833 29.16926 0.30 0.27 
P04792 HSPB1 25.93872 26.06948 25.73565 25.73335 26.09475 26.62422 0.24 0.44 
P05121 SERPINE1 28.391 27.96246 28.14409 30.7332 30.89468 30.63331 2.59 0.00 
P05413 FABP3 23.9094 23.8691 23.76051 22.70016   22.94801 -1.02 0.00 
P05997 COL5A2 31.01678 30.86997 30.14017 30.63201 31.48477 31.45611 0.52 0.26 
P06396 GSN 30.65096 32.11682 32.24326 30.73941 31.98797 30.76691 -0.51 0.48 
P06733 ENO1 28.95826 28.89761 28.9057 29.42282 28.63243 29.22768 0.17 0.51 
P06865 HEXA 25.8025 26.75519 26.12335 26.37963 26.95394 26.89562 0.52 0.20 
P07093-3   29.54856 30.64624 30.32571 31.60072 31.81287 31.734 1.54 0.01 
P07339 CTSD 25.52471 27.27773 26.7585 26.88925 27.38813 26.25418 0.32 0.63 
P07355-2 ANXA2 28.9954 29.16192 28.98791 29.03535 28.16658 28.88075 -0.35 0.27 
P07437 TUBB 23.62912 23.34001 22.4741 23.5373 22.61908 23.3041 0.01 0.99 
P07585 DCN 33.47218 33.37334 33.15494 32.30759 32.36163 32.4286 -0.97 0.00 
P07686 HEXB 25.02073 25.93436 25.84563 25.63123 26.21959 25.88709 0.31 0.41 
P07711 CTSL1 25.90024 26.98609 25.57381 25.98214 27.00967 26.24893 0.26 0.65 
P07858 CTSB 30.18542 31.13296 31.90742 30.55655 30.72232 30.30171 -0.55 0.35 
P07996 THBS1 31.89746 32.1966 31.26551 33.94157 34.12617 32.82193 1.84 0.02 
P08107 HSPA1A 24.72281 24.93979 24.27562 24.06332 23.62923 24.54628 -0.57 0.16 
P08123 COL1A2 36.71049 36.29368 36.52809 36.41634 36.7029 36.99854 0.20 0.40 
P08253 MMP2 32.65647 33.10777 33.52554 33.4994 33.32106 32.86478 0.13 0.70 
P08254 MMP3 24.95149 24.81323 25.03271 28.21466 28.57044 27.7082 3.23 0.00 
P08294 SOD3 31.46903 31.18341 32.14419 28.08345 30.59753 30.14916 -1.99 0.07 
P08476 INHBA       22.39801 23.7167 23.46476     
P08572 COL4A2 28.53103 29.31918 29.22903 29.75705 30.37451 30.0624 1.04 0.03 
P08670 VIM 32.60991 32.90041 32.86771 32.6273 32.53304 32.29953 -0.31 0.08 





P09871 C1S 32.18642 32.42525 32.99416 30.98672 31.34683 31.67565 -1.20 0.02 
P09936 UCHL1   25.29628 23.92678 25.92162 25.8526 24.84076 0.93 0.27 
P09972 ALDOC   24.18329 23.25753 24.32086 24.77369 24.24154 0.72 0.17 
P10599 TXN 26.71803 27.64561 27.64986 26.65731 26.37675 26.3347 -0.88 0.05 
P10909-2 CLU 28.01808 28.80879 29.86938 28.80956 29.15974 29.55879 0.28 0.66 
P12111 COL6A3 32.1805 31.7729 32.01807 33.27198 33.16712 32.81102 1.09 0.00 
P13497 BMP1 26.90965 27.51043 27.40495 27.88186 27.90942 27.61253 0.53 0.06 
P13611 VCAN 29.26024 29.10575 29.01717 29.97637 30.2374 31.09616 1.31 0.02 
P13667 PDIA4 24.91383 24.39139 23.94056 24.91433 24.12959 25.12056 0.31 0.50 
Q5W0H4 TPT1 25.14176 26.15312 25.02813 25.33347 25.73198 24.69094 -0.19 0.71 
P14543 NID1 29.15518 30.13663 30.06728 29.06147 29.77632 29.49404 -0.34 0.42 
P14618 PKM2 29.70068 29.2708 28.75723 29.28116 28.76806 29.16782 -0.17 0.62 
P15144 ANPEP 25.34242 25.37567 26.23991 25.76812 25.91625 25.22722 -0.02 0.97 
P15289 ARSA 23.88176 24.20933 23.95536 24.01954 24.00821 23.55391 -0.15 0.44 
P15502-13 ELN 26.64141 26.17988 27.25476 29.03774 30.4453 31.23015 3.55 0.01 
P15848 ARSB       21.72887 22.54842       
P17813 ENG 23.11172 22.82596 22.68198 22.11937 22.38488 22.45736 -0.55 0.03 
P17936 IGFBP3 26.8197 26.2722 27.07194 31.09459 32.21963 31.32254 4.82 0.00 
P17948 FLT1 24.43981 24.27796 23.51208 24.8292 24.83731 25.52841 0.99 0.05 
P18065 IGFBP2 31.17242 31.55805 32.46833 29.48058 30.57163 30.03826 -1.70 0.03 
P18206 VCL 26.8977 27.03496 27.0071 26.84888 26.56154 26.54191 -0.33 0.04 
P18669 PGAM1 27.81751 28.20462 27.70207 28.05175 27.5136 27.20918 -0.32 0.34 
P19022 CDH2   24.66655   26.96554 27.24898 26.37715 2.20 1.00 
P20908 COL5A1 29.81104 29.69355 28.99566 31.73554 32.33578 31.62178 2.40 0.00 
P21589 NT5E 25.17467 24.65981 24.6578 23.95509 23.66112 24.19468 -0.89 0.02 
P22314 UBA1 24.3929 24.63101 24.31693 24.30668 23.55777 24.45645 -0.34 0.31 






P22692 IGFBP4 32.77341 32.24805 32.34673 30.60814 30.25113 30.77533 -1.91 0.00 
P23142 FBLN1 33.65267 33.78858 34.30667 32.4628 32.56799 32.09591 -1.54 0.00 
B1AHL2 FBLN1 31.49286 31.16746 32.67909 30.54545 30.79188 31.32469 -0.89 0.16 
P23284 PPIB 28.26758 28.9299 28.61369 29.50595 29.53536 29.09522 0.78 0.03 
P24043 LAMA2 27.69936 28.29391 28.19995 26.91752 27.38755 27.23371 -0.88 0.02 
P24593 IGFBP5 31.29115 31.66573 31.24377 26.86207 28.62596 29.09698 -3.21 0.01 
P24821 TNC 26.7291 27.31138 26.62547 26.97115 26.77881 26.66628 -0.08 0.74 
P25940 COL5A3 22.84703 21.66852 22.5231 23.21777 23.88353 24.13124 1.40 0.03 
P26022 PTX3 29.6276 29.52483 29.3518 30.56502 30.81566 30.88787 1.25 0.00 
P26038 MSN 29.46533 29.59297 29.54329 29.39164 29.0609 29.44735 -0.23 0.14 
P26639 TARS 21.82978 21.38153 20.67193 21.25782 21.13965 22.62219 0.38 0.55 
P27658 COL8A1 27.15296 26.81507 27.1277 26.18837 27.75742 27.99496 0.28 0.65 
P28300 LOX 29.27353 29.47383 29.30865 30.01052 29.98577 31.0553 1.00 0.05 
P28799 GRN 28.74852 29.22771 28.92612 28.01616 28.51567 28.90265 -0.49 0.17 
P30040 ERP29 24.16408 24.13977 24.11227 24.03028 23.74694 23.81812 -0.27 0.03 
P30085 CMPK1 23.454 24.48751 23.62422 23.625 23.73407 24.26814 0.02 0.96 
P30508 HLA-C   23.31893 23.87267   23.90582   0.31 1.00 
P32119 PRDX2 22.50969 21.86329 21.78891 22.7766 21.93826 22.18244 0.25 0.51 
P33908 MAN1A1 24.635 25.3243 24.86632 23.9313   24.24829 -0.85 0.06 
P34059 GALNS 24.52528 25.01576 24.95416 25.13046 25.40597 25.15734 0.40 0.09 
P34932 HSPA4 24.82474 24.67034 24.13359 24.81118 23.74858 24.6485 -0.14 0.74 
P35052 GPC1 28.09502 27.37343 26.15538 27.30478 26.24313 26.0844 -0.66 0.39 
P35579 MYH9 26.92683 26.2919 26.06007 26.82711 26.42358 27.33577 0.44 0.30 
P35754 GLRX       21.53673 22.35523       
P36955 SERPINF1 30.15376 31.27742 31.6937 30.63564 30.99226 30.93467 -0.19 0.71 





P39059 COL15A1 28.81897 30.22205 28.37857 27.72051 29.23112 30.27509 -0.06 0.95 
P39060 COL18A1 25.8726 24.54067 24.3948 24.91579 24.26198 24.1397 -0.50 0.40 
P40189 IL6ST 23.46775 23.63467 24.09579   21.9679 23.06599 -1.22 0.08 
P40926 MDH2 26.35644 26.91342 27.02665 26.45281 26.30511 26.77906 -0.25 0.37 
P43686 PSMC4   19.98078 20.97001 20.84805     0.37 1.00 
P45974 USP5 21.36986 21.35272 21.21003 21.75731   21.28895 0.21 0.34 
P46821 MAP1B 24.31181 23.82075 23.78676 22.39328   22.5128 -1.52 0.01 
P48061-4 CXCL12 28.96 27.85644 28.626 26.65935   26.97312 -1.66 0.03 
P48723 HSPA13   24.52856   26.67654 26.22417 24.79853 1.37 1.00 
P48745 NOV 25.33108 26.03189 24.97031 24.18737 24.69073 23.54569 -1.30 0.05 
P49746 THBS3 24.38851 24.93908 24.23761 25.59463 25.34476 24.51995 0.63 0.18 
P49767 VEGFC 23.24947 20.86469 21.86541 22.96886 22.66447 23.93022 1.19 0.20 
P51884 LUM 30.35342 30.87708 31.64937 30.76042 31.37534 31.44554 0.23 0.62 
P52565 ARHGDIA 25.21882 25.11854 24.71973 25.32636 25.21171   0.25 0.30 
P52823 STC1 23.65644 26.67949 23.57115 22.45192     -2.18 1.00 
P54802 NAGLU 24.18124 24.92093 24.63162 23.90307 24.79208 23.17629 -0.62 0.29 
P55268 LAMB2 29.94824 30.4185 30.71235 28.08111 28.36156 28.11788 -2.17 0.00 
P60174 TPI1 29.32509 29.02586 28.76256 29.32982 28.81897 29.49215 0.18 0.54 
P60981 DSTN 24.43708 24.62165 25.00834 24.4675 24.0017 23.60693 -0.66 0.09 
P61158 ACTR3 25.2113 25.65327 24.9308 25.81912 25.31268 25.90711 0.41 0.21 
P61604 HSPE1 23.71408 23.9294 23.9612   25.32516   1.46 1.00 
P62081 RPS7 22.17883 22.21238 22.36349 21.91024 21.62979 20.9561 -0.75 0.06 
P62937 PPIA 28.93899 28.57993 27.903 28.15687 28.20037 27.8262 -0.41 0.27 
P63261 ACTG1 31.05284 30.67388 30.98101 30.51202 30.75398 30.40791 -0.34 0.09 
P63313 TMSB10 29.74021 29.56058 29.41782 29.8183 28.90469 28.4438 -0.52 0.28 
P68032 ACTC1     25.33705 24.44114     -0.90 1.00 





P78504 JAG1 21.87781 22.4711 22.46109 21.85935     -0.41 1.00 
P78539 SRPX 25.63561 25.43365 25.93281 24.58618 23.29796 23.30215 -1.94 0.01 
P98160 HSPG2 31.60497 31.6234 31.01691 30.38577 29.84582 29.36709 -1.55 0.01 
Q01518 CAP1 22.84221 24.0047 23.32237 23.44177 22.75328 23.92958 -0.01 0.98 
Q02388 COL7A1 27.30626 26.43943 25.18427 29.99793 29.64163 29.35756 3.36 0.01 
Q02952 AKAP12 24.52259 24.97588 25.19948 23.18068 24.07415 24.56663 -0.96 0.10 
Q05707 COL14A1 26.53062 26.64224 27.43436 24.04085 22.64009 23.61549 -3.44 0.00 
Q08629 SPOCK1 25.94098 26.20663 26.49575 27.43221 27.14239 28.32363 1.42 0.02 
Q09666 AHNAK 27.96719 28.64465 28.28489 27.95388 28.03107 27.40137 -0.50 0.15 
Q12805 EFEMP1 29.95768 30.96966 30.87979 30.81138 30.72842 31.92804 0.55 0.33 
Q12841 FSTL1 32.59832 33.0078 32.97449 33.34162 33.4588 33.41891 0.55 0.02 
Q12884 FAP 24.57207 24.58141 24.76208 25.53893 25.11299 25.57522 0.77 0.01 
Q13308-6 PTK7 25.67096 25.92949 25.54734 26.21074 26.89099 26.84446 0.93 0.02 
Q13740 ALCAM 25.48102 25.78484 25.2006 25.11953 25.35316 24.87713 -0.37 0.16 
Q13822-2 ENPP2 27.65697 29.07339 28.88207 24.41254 23.37557 23.56326 -4.75 0.00 
Q14393-2 GAS6 23.47828 22.61897 23.39833 25.14211 23.3868 24.3761 1.14 0.12 
Q14847 LASP1 25.39823 25.74201 25.9629 25.24213 25.78032 25.37981 -0.23 0.37 
Q15113 PCOLCE 31.67384 32.04065 31.71002 31.49114 31.58799 30.21292 -0.71 0.20 
Q15149 PLEC 27.7474 27.99469 27.68892 28.00582 27.6107 28.30504 0.16 0.50 
Q15198 PDGFRL 24.88358 25.65464 25.39041 23.87098 23.64262 23.35353 -1.69 0.00 
Q15843 NEDD8   21.39284 22.57457 21.87748     -0.11 1.00 
Q16363-2 LAMA4 31.33511 31.63733 32.07899 30.12065 29.84982 30.13797 -1.65 0.00 
Q4ZHG4 FNDC1 20.12591 20.88256 21.57311 26.11144 26.30979 24.63882 4.83 0.00 
Q6EMK4 VASN 28.41567 28.89793 29.14836 29.03008 28.88349 28.32371 -0.07 0.82 
Q6UVK1 CSPG4 23.49497 23.75052 23.70556 23.37531 24.41326 24.9193 0.59 0.27 
Q6UXH9-2 PAMR1 28.77093 30.22378 28.27626 28.13394 27.71227 28.01887 -1.14 0.13 





Q6YHK3 CD109 26.76155 27.79532 27.42958 27.20723 26.95471 26.806 -0.34 0.35 
Q76M96-2 CCDC80 25.90007 26.71856 26.47336 27.95588 27.75538 27.93174 1.52 0.00 
Q7Z7M9 GALNT5 21.90746 22.96277 23.28008 23.68132 23.1426 22.87038 0.51 0.34 
Q86UX2 ITIH5 27.26446 27.96218 27.49876 26.57629 26.67317 25.79566 -1.23 0.02 
Q86Y38 XYLT1 24.10861 23.41609 23.47877 26.36312 27.03086 25.21397 2.53 0.01 
Q8IUX7 AEBP1 29.50431 29.5606 29.39387 30.68353 30.40456 30.34276 0.99 0.00 
Q8N436 CPXM2   23.25341 24.08472 24.6826 22.62143   -0.02 0.99 
Q8N474 SFRP1 23.23121 22.95218   22.68812 22.88541   -0.30 0.22 
Q8NHP8 PLBD2   23.52528 23.70872 23.10604   23.53754 -0.30 0.33 
Q8WUJ3 KIAA1199   23.19454 22.75324           
Q92626 PXDN 27.70246 28.2385 27.59335 29.67801 29.97869 29.29837 1.81 0.00 
Q92743 HTRA1 27.89781 27.87777 28.13394 28.65646 28.98093 28.92564 0.88 0.00 
Q96CG8 CTHRC1       27.18177 27.63768 27.68686     
Q96FQ6 S100A16 23.04317 22.7071 24.09491 23.27526 22.86261 23.31672 -0.13 0.78 
Q96RW7 HMCN1 23.06883 23.76719 23.75797 24.65545 24.59406 24.59138 1.08 0.01 
Q99538 LGMN 23.46899 23.64031 21.35853 25.43466 26.03347 23.67573 2.23 0.09 
Q99983 OMD 28.51664 29.74464 28.68819 28.58814 28.4338 28.6704 -0.42 0.34 
Q9BTY2 FUCA2 23.59491 23.86164 23.48787 25.44253 24.38877 23.32594 0.74 0.30 
Q9BY76 ANGPTL4 22.19781 22.46988 23.35609 24.17417 22.17411 23.23601 0.52 0.48 
Q9H4D0 CLSTN2 25.72894 25.11188 25.08497 26.30111 25.20098 26.50054 0.69 0.20 
Q9HCB6 SPON1 27.58749 28.10794 28.50461 26.14198 27.22885 27.32045 -1.17 0.06 
Q9HCU0 CD248 30.40943 29.626 29.92011 29.20422 28.90627 29.12908 -0.91 0.02 
Q9NR99 MXRA5 26.84948 27.3559 27.14317 26.54304 26.78294 26.99734 -0.34 0.16 
Q9NRN5 OLFML3 29.74503 29.7326 29.32363 30.28736 30.05012 29.22871 0.25 0.51 
Q9NS15 LTBP3 24.99045 24.60513 24.3364 26.07415 25.34706 25.54751 1.01 0.02 
Q9NZ08-2 ERAP1 22.92938 21.95748 22.35933 23.34814 23.31451 23.62444 1.01 0.03 





Q9UBG0 MRC2 25.5979 25.78137 25.70738 25.64889 25.28968 25.93197 -0.07 0.73 
Q9UBX1 CTSF 22.67898 22.94081 22.96129 23.3159 23.62734 23.37796 0.58 0.01 
Q9UKU9 ANGPTL2 24.62806 24.91424 25.28563 23.20136 25.10398 24.23169 -0.76 0.26 
Q9UNN8 PROCR       23.88278 24.98841   1.11 1.00 
Q9UNW1 MINPP1 22.14314 22.65624 22.88924 22.0084 20.87162   -1.12 0.12 
Q9Y490 TLN1 25.48272 25.1432 25.17672 25.35468 25.10909 25.29597 -0.01 0.92 
Q9Y678 COPG1 21.07907 21.44738   21.20598     -0.06 1.00 





Supplementary Table 3. Overrepresented GO terms for the dataset of differentially expressed proteins between CAF-1 and NOF-1 cell lines. 










GO:0030198 extracellular matrix organization 8.98 
[AGRN, BGN, CCDC80, COL14A1, COL1A1, COL4A2, COL5A1, COL5A3, 
COL6A3, COL7A1, COMP, DCN, ELN, ENG, FAP, FBLN1, FBLN2, HSPG2, 
LAMA2, LAMA4, LAMA5, LAMB2, LOX, LTBP2, LTBP3, MMP3, PLOD2, PLOD3, 
PPIB, PXDN, SERPINE1, TGFBI, THBS1, TNFRSF11B, VCAN, VIT] 
3.22E-37 
GO:0005578 proteinaceous extracellular matrix 8.96 
[AGRN, BGN, CCDC80, CD248, COL14A1, COL1A1, COL4A2, COL5A1, COL5A3, 
COL6A3, COL7A1, COMP, DCN, ELN, FBLN1, FBLN2, FSTL1, HMCN1, HSPG2, 
LAMA2, LAMA4, LAMA5, LAMB2, LOX, LTBP2, MMP3, PXDN, SPOCK1, TGFBI, 
TNFRSF11B, VCAN, VIT] 
7.60E-33 
GO:0022617 extracellular matrix disassembly 11.76 
[COL14A1, COL1A1, COL4A2, COL5A1, COL5A3, COL6A3, COL7A1, DCN, ELN, 
ENG, FAP, HSPG2, LAMA4, LAMA5, LAMB2, MMP3] 
1.31E-17 
GO:0005604 basement membrane 12.62 
[AGRN, CCDC80, COL4A2, COL5A1, COL7A1, FBLN1, HMCN1, HSPG2, LAMA2, 
LAMA4, LAMA5, LAMB2, TGFBI] 
1.03E-14 
GO:0031589 cell-substrate adhesion 4.95 
[CCDC80, COL1A1, COL5A3, CSF1, FBLN2, FSTL1, LAMA5, LAMB2, PXDN, 
SERPINE1, SPOCK1, THBS1, VCL, VIT] 
2.22E-10 
GO:0030155 regulation of cell adhesion 4.42 
[CCDC80, COL1A1, CSF1, ENG, FBLN2, FSTL1, LAMA2, LAMA4, LAMA5, 
SERPINE1, SERPINE2, SPOCK1, TGFBI, THBS1, VIT] 
2.25E-10 
GO:0005605 basal lamina 27.27 [AGRN, HSPG2, LAMA2, LAMA4, LAMA5, LAMB2] 4.97E-09 
GO:0032963 collagen metabolic process 7.63 
[COL14A1, COL1A1, COL4A2, COL5A1, COL5A3, COL6A3, COL7A1, ENG, 
MMP3] 
2.20E-08 
GO:0010810 regulation of cell-substrate adhesion 6.04 [CCDC80, COL1A1, CSF1, FBLN2, FSTL1, SERPINE1, SPOCK1, THBS1, VIT] 1.53E-07 





GO:0005606 laminin-1 complex 44.44 [LAMA2, LAMA4, LAMA5, LAMB2] 3.46E-07 
GO:0060560 
developmental growth involved in 
morphogenesis 
5.06 [COMP, CSF1, CXCL12, FSTL1, LAMB2, MAP1B, PTK7, SEMA7A, THBS1] 4.61E-07 
GO:0071560 
cellular response to transforming growth 
factor beta stimulus 
4.27 
[CLEC3B, COL1A1, COL4A2, ENG, FSTL1, HTRA1, LTBP2, LTBP3, SERPINE1, 
THBS1] 
4.66E-07 
GO:0030934 anchoring collagen 40.00 [COL14A1, COL6A3, COL7A1, DCN] 4.86E-07 
GO:0044342 type B pancreatic cell proliferation 36.36 [FSTL1, IGFBP3, IGFBP4, IGFBP5] 6.60E-07 
GO:0010755 regulation of plasminogen activation 36.36 [CLEC3B, SERPINE1, SERPINE2, THBS1] 6.60E-07 
GO:0060348 bone development 5.52 [COL1A1, COMP, ENG, HSPG2, LTBP2, LTBP3, PPIB, THBS1] 1.10E-06 
GO:0030204 chondroitin sulfate metabolic process 10.17 [AGRN, BGN, DCN, HSPG2, VCAN, XYLT1] 1.16E-06 
GO:0030336 negative regulation of cell migration 4.71 [ENG, FSTL1, IGFBP3, IGFBP5, NBL1, SERPINE1, THBS1, VCL] 3.50E-06 
GO:0007044 cell-substrate junction assembly 7.79 [FSTL1, LAMA4, LAMA5, LAMB2, PXDN, THBS1] 4.83E-06 
GO:0007160 cell-matrix adhesion 4.30 [COL5A3, CSF1, FSTL1, LAMA5, PXDN, SERPINE1, THBS1, VCL] 6.22E-06 
GO:0043202 lysosomal lumen 7.14 [AGRN, BGN, CTSF, DCN, HSPG2, VCAN] 7.32E-06 
GO:0060349 bone morphogenesis 6.90 [COL1A1, COMP, HSPG2, LTBP2, LTBP3, THBS1] 8.60E-06 
GO:0043567 
regulation of insulin-like growth factor 
receptor signaling pathway 
17.39 [IGFBP2, IGFBP3, IGFBP4, IGFBP5] 1.11E-05 
GO:0010811 
positive regulation of cell-substrate 
adhesion 
6.45 [CCDC80, CSF1, FBLN2, FSTL1, THBS1, VIT] 1.17E-05 
GO:0030206 chondroitin sulfate biosynthetic process 16.00 [BGN, DCN, VCAN, XYLT1] 1.45E-05 
GO:0048771 tissue remodeling 4.52 [BGN, ELN, FSTL1, IGFBP5, LTBP2, LTBP3, TNFRSF11B] 1.67E-05 
GO:0060351 
cartilage development involved in 
endochondral bone morphogenesis 
14.81 [COL1A1, COMP, HSPG2, THBS1] 1.85E-05 
GO:0006024 glycosaminoglycan biosynthetic process 5.56 [AGRN, BGN, DCN, HSPG2, VCAN, XYLT1] 2.39E-05 
GO:0006027 glycosaminoglycan catabolic process 7.69 [AGRN, BGN, DCN, HSPG2, VCAN] 2.89E-05 
GO:0034333 adherens junction assembly 7.69 [FSTL1, LAMA5, PXDN, THBS1, VCL] 2.89E-05 





GO:0030208 dermatan sulfate biosynthetic process 25.00 [BGN, DCN, VCAN] 5.19E-05 
GO:1902462 
positive regulation of mesenchymal stem 
cell proliferation 
100.00 [LTBP2, LTBP3] 5.68E-05 
GO:0005583 fibrillar collagen 23.08 [COL1A1, COL5A1, COL5A3] 6.13E-05 
GO:0014910 
regulation of smooth muscle cell 
migration 
10.53 [IGFBP3, IGFBP5, NOV, SERPINE1] 6.15E-05 
GO:0030207 chondroitin sulfate catabolic process 20.00 [BGN, DCN, VCAN] 9.42E-05 
GO:0010812 
negative regulation of cell-substrate 
adhesion 
9.09 [COL1A1, SERPINE1, SPOCK1, THBS1] 1.02E-04 
GO:0046850 regulation of bone remodeling 9.09 [FSTL1, LTBP2, LTBP3, TNFRSF11B] 1.02E-04 
GO:0005614 interstitial matrix 18.75 [CCDC80, COL14A1, VIT] 1.09E-04 
GO:0048638 regulation of developmental growth 4.03 [AGRN, COL14A1, CXCL12, FSTL1, MAP1B, SEMA7A] 1.10E-04 
GO:0030195 negative regulation of blood coagulation 8.51 [FAP, SERPINE1, SERPINE2, THBS1] 1.22E-04 
GO:0005589 collagen type VI 66.67 [COL6A3, DCN] 1.36E-04 
GO:0051917 regulation of fibrinolysis 15.79 [FAP, SERPINE1, THBS1] 1.65E-04 
GO:0045995 regulation of embryonic development 5.00 [FSTL1, LAMA2, LAMA4, LAMA5, PTK7] 1.66E-04 
GO:0048639 
positive regulation of developmental 
growth 
7.27 [AGRN, CXCL12, MAP1B, SEMA7A] 2.07E-04 
GO:0048041 focal adhesion assembly 7.02 [FSTL1, LAMA5, PXDN, THBS1] 2.32E-04 
GO:0016942 
insulin-like growth factor binding protein 
complex 
50.00 [IGFBP3, IGFBP5] 2.41E-04 
GO:0043260 laminin-11 complex 50.00 [LAMA5, LAMB2] 2.41E-04 
GO:0071604 
transforming growth factor beta 
production 
12.50 [LTBP2, LTBP3, THBS1] 3.10E-04 
GO:0048588 developmental cell growth 4.13 [COL14A1, CXCL12, LAMB2, MAP1B, SEMA7A] 3.57E-04 
GO:0043259 laminin-10 complex 40.00 [LAMA5, LAMB2] 3.75E-04 






positive regulation of mesenchymal stem 
cell differentiation 
40.00 [LTBP2, LTBP3] 3.75E-04 
GO:2000351 
regulation of endothelial cell apoptotic 
process 
10.34 [CD248, SERPINE1, THBS1] 5.18E-04 
GO:0018149 peptide cross-linking 10.00 [BGN, DCN, THBS1] 5.62E-04 
GO:0002688 regulation of leukocyte chemotaxis 5.33 [CXCL12, NBL1, SERPINE1, THBS1] 5.82E-04 
GO:0001952 regulation of cell-matrix adhesion 5.13 [CSF1, FSTL1, SERPINE1, THBS1] 6.64E-04 
GO:0030510 regulation of BMP signaling pathway 5.00 [ENG, FSTL1, HTRA1, NBL1] 7.04E-04 
GO:0032964 collagen biosynthetic process 9.09 [COL1A1, COL5A1, ENG] 7.06E-04 
GO:0030279 negative regulation of ossification 8.82 [FSTL1, LTBP2, LTBP3] 7.44E-04 
GO:0048675 axon extension 4.76 [CXCL12, LAMB2, MAP1B, SEMA7A] 8.18E-04 
GO:0061162 establishment of monopolar cell polarity 25.00 [MAP1B, PTK7] 8.78E-04 
GO:0060430 lung saccule development 22.22 [LTBP2, LTBP3] 0.001105765 
GO:0002062 chondrocyte differentiation 4.30 [HSPG2, LTBP2, LTBP3, TGFBI] 0.001141113 
GO:2000736 regulation of stem cell differentiation 4.12 [COL1A1, FSTL1, LTBP2, LTBP3] 0.001314643 
GO:0043589 skin morphogenesis 6.98 [COL1A1, IGFBP5, PLOD3] 0.001345618 
GO:0060346 bone trabecula formation 18.18 [COL1A1, FSTL1] 0.001571684 
GO:1902041 
regulation of extrinsic apoptotic signaling 
pathway via death domain receptors 
6.00 [FSTL1, SERPINE1, THBS1] 0.002025613 
GO:0030032 lamellipodium assembly 5.77 [CAPZB, PXDN, VCL] 0.002234649 
GO:0042487 
regulation of odontogenesis of dentin-
containing tooth 
14.29 [CSF1, TNFRSF11B] 0.002459992 
GO:0001738 morphogenesis of a polarized epithelium 5.36 [FSTL1, LAMA5, PTK7] 0.002685107 
GO:0031581 hemidesmosome assembly 13.33 [LAMA4, LAMB2] 0.002746153 
GO:0003417 growth plate cartilage development 12.50 [COMP, THBS1] 0.003083809 
GO:0046851 negative regulation of bone remodeling 12.50 [FSTL1, TNFRSF11B] 0.003083809 





neural tube closure 
GO:0032331 
negative regulation of chondrocyte 
differentiation 
10.53 [LTBP2, LTBP3] 0.004295157 
GO:0016525 negative regulation of angiogenesis 4.35 [COL4A2, SERPINE1, THBS1] 0.004599868 
GO:2001238 
positive regulation of extrinsic apoptotic 
signaling pathway 
4.35 [FSTL1, SRPX, THBS1] 0.004599868 
GO:0060026 convergent extension 9.09 [FSTL1, PTK7] 0.005592499 
GO:0045446 endothelial cell differentiation 4.00 [ENG, LAMA5, PLOD3] 0.005659674 
GO:0043128 
positive regulation of 1-
phosphatidylinositol 4-kinase activity 
100.00 [CD81] 0.005934134 
GO:0002581 
negative regulation of antigen 
processing and presentation of peptide 
or polysaccharide antigen via MHC class 
II 
100.00 [THBS1] 0.005934134 
GO:0045887 
positive regulation of synaptic growth at 
neuromuscular junction 
100.00 [AGRN] 0.005934134 
GO:0002605 
negative regulation of dendritic cell 
antigen processing and presentation 
100.00 [THBS1] 0.005934134 
GO:0035491 
positive regulation of leukotriene 
production involved in inflammatory 
response 
100.00 [SERPINE1] 0.005934134 
GO:0005596 collagen type XIV 100.00 [COL14A1] 0.005934134 
GO:0010754 
negative regulation of cGMP-mediated 
signaling 
100.00 [THBS1] 0.005934134 
GO:0005590 collagen type VII 100.00 [COL7A1] 0.005934134 
GO:0061044 
negative regulation of vascular wound 
healing 






negative regulation of interleukin-8 
secretion 
100.00 [SSC5D] 0.005934134 
GO:0001953 
negative regulation of cell-matrix 
adhesion 
7.69 [SERPINE1, THBS1] 0.007466829 
GO:0014044 Schwann cell development 7.69 [LAMA2, LAMB2] 0.007466829 
GO:0003197 endocardial cushion development 7.14 [ENG, THBS1] 0.008521842 
GO:0001958 endochondral ossification 7.14 [COL1A1, HSPG2] 0.008521842 
GO:0033280 response to vitamin D 6.67 [FSTL1, STC2] 0.009624949 
GO:0031905 early endosome lumen 50.00 [B2M] 0.011228146 
GO:0046086 adenosine biosynthetic process 50.00 [NT5E] 0.011228146 
GO:0038098 
sequestering of BMP from receptor via 
BMP binding 
50.00 [NBL1] 0.011228146 
GO:0070483 detection of hypoxia 50.00 [ENG] 0.011228146 
GO:0010751 
negative regulation of nitric oxide 
mediated signal transduction 
50.00 [THBS1] 0.011228146 
GO:0061108 seminal vesicle epithelium development 50.00 [SERPINE2] 0.011228146 
GO:0002481 
antigen processing and presentation of 
exogenous protein antigen via MHC 
class Ib, TAP-dependent 
50.00 [B2M] 0.011228146 
GO:0005584 collagen type I 50.00 [COL1A1] 0.011228146 
GO:0046813 
receptor-mediated virion attachment to 
host cell 
50.00 [CD81] 0.011228146 
GO:0070831 basement membrane assembly 50.00 [PLOD3] 0.011228146 
GO:0060445 
branching involved in salivary gland 
morphogenesis 
5.88 [LAMA5, NOV] 0.011962867 
GO:0051893 regulation of focal adhesion assembly 5.41 [FSTL1, THBS1] 0.013907571 






GO:0003401 axis elongation 5.00 [FSTL1, PTK7] 0.015756299 
GO:0006196 AMP catabolic process 33.33 [NT5E] 0.015782122 
GO:2000080 
negative regulation of canonical Wnt 
signaling pathway involved in controlling 
type B pancreatic cell proliferation 
33.33 [FSTL1] 0.015782122 
GO:0003273 
cell migration involved in endocardial 
cushion formation 
33.33 [ENG] 0.015782122 
GO:0042628 mating plug formation 33.33 [SERPINE2] 0.015782122 
GO:0072274 
metanephric glomerular basement 
membrane development 
33.33 [LAMB2] 0.015782122 
GO:0090246 
convergent extension involved in 
somitogenesis 
33.33 [FSTL1] 0.015782122 
GO:0001974 blood vessel remodeling 4.44 [BGN, ELN] 0.019252043 
GO:0010748 
negative regulation of plasma membrane 
long-chain fatty acid transport 
25.00 [THBS1] 0.020498804 
GO:0045198 
establishment of epithelial cell 
apical/basal polarity 
25.00 [PTK7] 0.020498804 
GO:0035582 
sequestering of BMP in extracellular 
matrix 
25.00 [NBL1] 0.020498804 
GO:0014034 neural crest cell fate commitment 25.00 [FSTL1] 0.020498804 
GO:0022009 central nervous system vasculogenesis 25.00 [ENG] 0.020498804 
GO:2000054 
negative regulation of Wnt signaling 
pathway involved in dorsal/ventral axis 
specification 
25.00 [FSTL1] 0.020498804 
GO:0090027 
negative regulation of monocyte 
chemotaxis 





GO:0043652 engulfment of apoptotic cell 25.00 [THBS1] 0.020498804 
GO:0042494 detection of bacterial lipoprotein 25.00 [SSC5D] 0.020498804 
GO:0060244 
negative regulation of cell proliferation 
involved in contact inhibition 
25.00 [SRPX] 0.020498804 
GO:0005608 laminin-3 complex 25.00 [LAMB2] 0.020498804 
GO:0007528 neuromuscular junction development 4.00 [AGRN, LAMB2] 0.022946763 
GO:0060763 mammary duct terminal end bud growth 20.00 [CSF1] 0.024975246 
GO:0010716 
negative regulation of extracellular 
matrix disassembly 
20.00 [FAP] 0.024975246 
GO:0048677 axon extension involved in regeneration 20.00 [LAMB2] 0.024975246 
GO:0045657 
positive regulation of monocyte 
differentiation 
20.00 [CSF1] 0.024975246 
GO:2000041 
negative regulation of planar cell polarity 
pathway involved in axis elongation 
20.00 [FSTL1] 0.024975246 
GO:0032914 
positive regulation of transforming 
growth factor beta1 production 
20.00 [THBS1] 0.024975246 
GO:0061050 
regulation of cell growth involved in 
cardiac muscle cell development 
20.00 [COL14A1] 0.024975246 
GO:0010756 
positive regulation of plasminogen 
activation 
20.00 [CLEC3B] 0.024975246 
GO:0072249 
metanephric glomerular visceral 
epithelial cell development 
20.00 [LAMB2] 0.024975246 
GO:0032224 
positive regulation of synaptic 
transmission, cholinergic 
20.00 [LAMA2] 0.024975246 
GO:0070278 extracellular matrix constituent secretion 16.67 [ENG] 0.029563867 
GO:2001256 
regulation of store-operated calcium 
entry 






positive regulation of dopamine 
secretion 
16.67 [CXCL12] 0.029563867 
GO:0001957 intramembranous ossification 16.67 [COL1A1] 0.029563867 
GO:0045578 
negative regulation of B cell 
differentiation 
16.67 [FSTL1] 0.029563867 
GO:0005587 collagen type IV 16.67 [COL4A2] 0.029563867 
GO:0010666 
positive regulation of cardiac muscle cell 
apoptotic process 
16.67 [FNDC1] 0.029563867 
GO:0033629 
negative regulation of cell adhesion 
mediated by integrin 
16.67 [SERPINE1] 0.029563867 
GO:0090331 
negative regulation of platelet 
aggregation 
14.29 [SERPINE2] 0.034027986 
GO:0071438 invadopodium membrane 14.29 [FAP] 0.034027986 
GO:0071073 
positive regulation of phospholipid 
biosynthetic process 
14.29 [FABP3] 0.034027986 
GO:0010759 
positive regulation of macrophage 
chemotaxis 
14.29 [THBS1] 0.034027986 
GO:0060907 
positive regulation of macrophage 
cytokine production 
14.29 [SEMA7A] 0.034027986 
GO:0034638 phosphatidylcholine catabolic process 14.29 [ENPP2] 0.034027986 
GO:0019885 
antigen processing and presentation of 
endogenous peptide antigen via MHC 
class I 
12.50 [ERAP1] 0.038371881 
GO:0048251 elastic fiber assembly 12.50 [LOX] 0.038371881 
GO:2000271 
positive regulation of fibroblast apoptotic 
process 
12.50 [FSTL1] 0.038371881 






positive regulation of axon extension 
involved in axon guidance 
12.50 [CXCL12] 0.038371881 
GO:0043569 
negative regulation of insulin-like growth 
factor receptor signaling pathway 
12.50 [IGFBP5] 0.038371881 
GO:0010763 positive regulation of fibroblast migration 12.50 [THBS1] 0.038371881 
GO:0060687 
regulation of branching involved in 
prostate gland morphogenesis 
11.11 [FSTL1] 0.042599642 
GO:0048263 determination of dorsal identity 11.11 [NBL1] 0.042599642 
GO:0047497 
mitochondrion transport along 
microtubule 
11.11 [MAP1B] 0.042599642 
GO:0031115 
negative regulation of microtubule 
polymerization 
11.11 [CAPZB] 0.042599642 
GO:0071380 
cellular response to prostaglandin E 
stimulus 
11.11 [FSTL1] 0.042599642 
GO:0033689 
negative regulation of osteoblast 
proliferation 
10.00 [FSTL1] 0.046715178 
GO:0045162 
clustering of voltage-gated sodium 
channels 
10.00 [AGRN] 0.046715178 
GO:2000270 
negative regulation of fibroblast 
apoptotic process 
10.00 [FSTL1] 0.046715178 
GO:0060527 
prostate epithelial cord arborization 
involved in prostate glandular acinus 
morphogenesis 







Neste espaço, dentro de considerações finais, reforçamos os principais 
achados do estudo, confrontamos com os dados existentes na literatura e 
destacamos as perspectivas futuras para este campo da tumorigênese oral. 
A expectativa de vida para os pacientes com CEC oral não sofreu a 
melhora esperada, frente ao grande avanço ocorrido na oncologia nas últimas 
décadas, visto que muitos pacientes ainda desenvolvem recidivas loco-regionais, 
metástases à distância e segundo tumor primário. Atualmente várias abordagens 
terapêuticas são utilizadas no tratamento do CEC oral, mas são tipicamente 
agressivas e associadas com vários efeitos colaterais que diminuem 
significativamente a qualidade de vida do paciente. As opções terapêuticas para o 
CEC oral são a cirurgia, radioterapia, quimioterapia ou a combinação de duas ou 
mais destas técnicas. A busca por novas terapias deve considerar tanto a 
capacidade dos pacientes em tolerar os efeitos colaterais do tratamento quanto à 
eficácia e a toxicidade associada ao tratamento. A busca por marcadores biológicos 
que possam servir de alvos terapêuticos para novas drogas, contribuir na orientação 
da melhor opção de tratamento ou na predição do prognóstico são essenciais para 
mudar este cenário sombrio associado ao CEC oral. 
Resultados de vários estudos demonstraram que uma opção interessante 
para o tratamento do CEC oral seria a destruição de CAFs, frente a sua capacidade 
de promover proliferação e invasão das células tumorais. Contudo, os esforços para 
desenvolver novas opções terapêuticas são desafiados pela incompleta 
compreensão dos mecanismos associados ao aparecimento dos CAFs no estroma 
tumoral, bem como pelo conhecimento parcial dos seus mecanismos de ação. 
Então, estudar estes aspectos é essencial antes de usar CAFs como um alvo 
terapêutico. Atualmente, sabe-se que as proteínas secretadas pelos CAFs possuem 
um papel importante na sinalização celular, comunicação e migração tumoral. Desta 
forma, a pesquisa destas proteínas tem recebido grande atenção, já que deve ser 
este o provável caminho pelo qual CAFs induzem as células tumorais. Então, 
compreender essa linguagem pode levar a um maior entendimento dos mecanismos 
moleculares das neoplasias. Os avanços tecnológicos no campo da proteômica 
proporcionaram uma maior facilidade na pesquisa de proteínas secretadas e 





proteínas celulares secretadas e mostrou-se uma estratégia viável na identificação 
de marcadores diagnósticos e prognósticos (Makridakis e Vlahou, 2011; Mannello e 
Ligi, 2013). No presente estudo, os meios de cultura de fibroblastos de mucosa oral 
normal e CAFs isolados de CEC oral foram analisados por meio de proteômica 
baseada em espectrometria de massas e análise de redes biológicas. Dentre as 
proteínas encontradas ao comparar o secretoma desses dois tipos celulares 
destacaram-se FNDC1, STC2 e SERPINE1. Quanto à análise das redes biológicas, 
o colágeno tipo I foi associado com vários processos biológicos superexpressos em 
CAFs. 
A proteína FNDC1 tem sua estrutura bem conhecida (Erickson et al., 
2013), já sua função em condições normal e patológica não estão totalmente 
elucidadas (Sung et al., 2011; Fain et al., 2013). Encontramos apenas um estudo 
que detectou FNDC1 em cânceres, particularmente em linfomas primários do 
sistema nervoso central e este estudo demonstrou que a expressão de FNDC1 é 
menor em câncer comparado com tecido normal (Sung et al., 2011). Desta forma, 
mais estudos devem ser realizados com essa proteína para confirmar o seu real 
papel no câncer. A proteína SERPINE1 foi encontrada em diversos estudos como 
um marcador prognóstico de câncer (Zheng et al., 2000; Schmitt et al., 2011; Duffy 
et al., 2014), foi associada a alguns mecanismos de disseminação tumoral (Bajou et 
al., 2001; Roca et al., 2003; Czekay e Loskutoff 2009) e foi validada com um 
marcador para a terapia de pacientes com câncer de mama com linfonodo negativo 
(Look et al., 2002; Harris et al., 2007). Em um estudo recente, Dhanda e 
colaboradores (2014) demonstraram uma íntima associação entre SERPINE1 e α-
SMA e revelaram que ambas são mais expressas em pacientes com 
extravasamento extracapsular de metástase linfononal, um importante marcador 
prognóstico para o CEC oral. A expressão desregulada de STC2 em vários tipos de 
câncer foi demonstrada por alguns estudos anteriores e sua expressão foi 
correlacionada com um prognóstico ruim (Bouras et al., 2002; Chang et al., 2003; 
Law et al., 2008; Law et al., 2010; Tamura et al., 2009; Ieta et al., 2009; Hou et al., 
2015). Apesar de estes estudos focarem na expressão de STC2 pelas células 
tumorais, as imagens de imunohistoquímica claramente demonstram a sua 
expressão também nas células mesenquimais. 
O colágeno tipo I foi associado com vários processos biológicos 





representado por PINP foi associada com uma pior sobrevida específica e sobrevida 
livre de doença em pacientes com CEC oral. Além disso, uma significante correlação 
entre a expressão de PINP e a densidade de CAFs foi observada no fronte tumoral, 
sugerindo que o CAF é a principal célula produtora de colágeno tipo I. 
Os resultados deste estudo confirmaram que a abundante presença de 
CAFs no estroma tumoral, entre as ilhas de células tumorais ou no fronte invasivo, é 
significantemente associada com um pior prognóstico para os pacientes com CEC 
oral. Após nosso primeiro estudo demonstrando que a presença de CAFs em CECs 
orais, particularmente na região do fronte invasivo, promove um comportamento 
mais agressivo ao tumor, resultando em menor sobrevida global do pacientes 
(Kellermann et al., 2007), vários estudos tentaram elucidar o papel dos CAFs no 
desenvolvimento e progressão dos tumores orais. Em geral, estes estudos 
confirmaram nossos resultados, revelando que a alta densidade de CAFs é um fator 
preditivo de prognóstico desfavorável (Kawashiri et al., 2009; Vered et al., 2010; 
Bello et al., 2011; Marsh et al., 2011) e demonstraram ainda que os CAFs no 
estroma dos CECs orais podem influenciar a proliferação e invasão tumoral, 
resultando em um tumor mais agressivo (Sobral et al., 2011; Hinsley et al., 2012). No 
estudo de Sobral e colaboradores (2011) nós demonstramos que produtos de 
síntese dos CAFs são capazes de modular a proliferação e invasão de linhagens 
celulares de CEC oral. Contudo, embora nós tenhamos verificado que a síntese 
elevada de ativina A por CAFs é responsável pela indução da proliferação das 
linhagens celulares de CEC oral, revelando um dos mecanismos pelo qual 
miofibroblastos induzem tumorigênese, nós não fomos capazes de caracterizar a(s) 
molécula(s) envolvida(s) com o processo de invasão tumoral. A análise do 
secretoma realizada neste estudo revelou a superexpressão de várias proteínas 
associadas com eventos pró-invasivos, abrindo perspectivas de novos estudos que 
possam caracterizar os mecanismos pelo qual CAFs induzem a tumorigênese oral. 
Os resultados obtidos no presente estudo reforçam o importante papel de 
CAFs no CEC oral e revelaram possíveis proteínas associadas à comunicação 
promovida por CAFs com as células tumorais. No entanto, vale frisar que este 
estudo apresenta a limitação de não ter realizado ensaios funcionais para verificar o 
papel, particularmente de FNDC1, SERPINE1 e STC2, nos principais eventos 






1. A caracterização do secretoma de CAFs isolados do CEC oral revelou a 
superexpressão de proteínas envolvidas na organização e remodelação da matriz 
extracelular e no metabolismo de colágeno. 
2.  As expressões de FNDC1, SERPINE1 e STC2 foram significantemente 
maiores em CAFs comparado com fibroblastos orais normais. 
3. A marcação imuno-histoquímica de colágeno tipo I, como representado por 
PINP, foi associada com uma pior sobrevida específica e sobrevida livre de doença 
em pacientes com CEC oral. 
4. Uma significante correlação entre a expressão de PINP e a densidade de 
CAFs foi observada no fronte tumoral, sugerindo que CAF é a principal célula 
produtora de colágeno tipo I. 
5. A expressão abundante de CAFs no estroma tumoral, entre as ilhas de 
células tumorais ou no fronte invasivo, é significantemente associada com uma pior 
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